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1.0 Introduction

1.0 INTRODUCTION

The Guidelines for Fishery Management Plans (602 Guidelines) published by the
National Marine Fisheries Service (NMFS) require that a stock assessment and fishery
evaluation (SAFE) report be prepared and reviewed annually for each fishery management plan
(FMP). The SAFE reports are intended to summarize the best available scientific information
concerning the past, present, and possible future condition of the stocks and fisheries under
federal management. Appendix A to the Guidelines lists the desired components of SAFE
reports as follows: 1) information on which to base harvest specifications; 2) information on
which to assess the economic and social condition of persons and businesses that rely on
recreational and commercial use of fish resources, including fish processing industries; and 3)
any additional economic, social, and ecological information pertinent to the success of
management or the achievement of objectives of each FMP.

The SAFE report for the Golden Crab fishery managed under the Fishery Management
Plan for Golden Crab in the South Atlantic was compiled by South Atlantic Council staff with
input from NMFS SERO and NMFS SEFSC. Our goal was to include the most recent
information on issues that have been raised or are likely to be raised during the Council’s review
of the golden crab stock and fishery. The detailed information is found in the attached reports
and we have only attempted to extract a very brief overview for inclusion in Sections 2, 3 and 4.

A very summary overview of stock status is presented in Section 2.0 Overview of Stock
Assessment. Overviews of economic and social status of the fishery are presented in Section 3.0
Fishery Evaluation. This section contains material from the Council’s Sustainable Fisheries Act
Amendment describing fishing communities. Ecosystem considerations are presented in Section
4.0 Ecosystem Considerations using material from the Council’s Habitat Plan and Habitat
Amendment. These sections rely very heavily on the identified Council documents and the

following appendixes:

Appendix A. Results of Literature Search.

A computer search of published literature was conducted. These results, along with the
literature cited sections of the papers included in Appendix A through Appendix Q, should
provide much of the pertinent literature.

Appendix B. List of Contributions to SAFE as Provided by NMFS SERO.
This list includes suggested documents for the SAFE report. All of these reports have

been included in the SAFE report.

Appendix C. Fishery Status Report Through 1998.
NMEFS has not provided the report as of this date.

Appendix D. Annual Report Tracking Permit Transactions.

This report shows the number of permits over time from the NMFS Southeast Permits
Office.

Appendix E. Economic Assessment Report.
NMFS has not provided the report as of this date.

Golden Crab SAFE Report



1.0 Purpose and Need

Appendix F. Summary Update of the Golden CrabTrip Report. Logbook, Trip Interview Data
and Preliminary production Model Analysis (NMFS-SEFSC-PRD-97/98-31).

" This report was prepared for the Council’s Golden Crab Advisory Panel in 1998 by
Douglas E. Haper and Gerald P.Scott. It describes the logbook program for the golden crab
fishery and provides a summary of the data derived from the logbooks through 1998 (NMFS,
Southeast Fishery Science Center). This report was used to summarize the stock status given .

that the 1999 report was not received.

Appendix G. Golden Crab Fishery Development (SERO-ECON-98-15).
The golden crab fishery in the Southeast region is described in this paper by William O.
Antozzi, focusing on how economic forces are affecting the development of this fishery (NMFS,

Southeast Regional Office).

Appendix H. Golden crab Landings and Exvessel Prices (SERO-ECON-98-17).
This report produced by John Vondruska of the Fisheries Economic Office in the
Southeast Region is a preliminary assessment of monthly golden crab harvest data from January

1995 through February 1998.

Appendix 1. Golden Crab Progress Report (SERO-ECON-98-01).

Prepared in October of 1997 by William O. Antozzi, this report provieds a breif overview
of the golden crab fishery including number of vessels, an update of landings, and exvessel
prices as of May 1997 (NMFS, Southeast Regional Office).

Appendix J. New Fishery Management and Fishermen (Fathom Vol.7, No.1).
Fathom, a Florida Sea Grant Publication, describes the golden crab fishery from its

inception and early management by the Council.

Appendix K. Golden Crab: Growing a Fishery the Right Way (National Fisherman, September

1995).
This 1995 National Fisherman article discusses the golden crab fishery and the Nielsen

family who pioneered the new golden crab fishery (Septmber, 1995).

Appendix L. Geryonic Crabs and Associated Continental Slope Fauna: A Research Workshop
Report (January 1990).

A report by William J. Lindberg (University of Florida) and Elizabeth L. Wenner (South
Carolina Department of Natural Resources) summarizing the workshop presentations and
discussions of a group that met in January 1998 to share regional comparisons, to inform the
commercial fishing industry and resource agencies, and to provide guidance for future research
investments ( Sea Grant Project No. R/LR-B-17).

Appendix M. In Situ Estimates of Density of Golden Crab, Chaceon fenneri, from Habitats on

the Continenetal Slope, Southeastern U.S. (1990).
This paper by Elizabeth L. Wenner and Charles A. Barans describes observations made

from a submersible from the Continental Slope in the Southeatern U.S. on the density and
habitats of golden crab (Bulletin of Marine Science, Vol.46, No.3, 1990).

Golden Crab SAFE Report



1.0 Introduction

Appendix N.- Exploration of Golden Crab, Geryon fenneri, in the South Atlantic Bight:
Distribution, Population Structure, and Gear Assessment (1987).
This study by Elizabeth L. Wenner, Glenn F. Ulrich, and John B. Wise was conducted to

determine the potential of the golden crab fishery, compare trap designs, and to describe
distribution and biology of the golden crab (Fishery Bulletin, Vol.85, No.3, 1987).

Appendix O. Reproductive Ecology of Female Golden Crabs, Geryon fenneri Manning and

Holthuis, from Southeastern Florida (1998).
Deepwater female golden crabs from southeastern Florida were examined to collect data

on the reproductive cycle, fecundity, mating and size at sexual maturity. This paper was written
by Robert B. Erdman and Norman J. Blake (Journal of Crustacean Biology, Vol.8, No.3, 1988).

Appendix P. The Golden Crab (Geryon fenneri) Fishery of Southeast Florida (1988).

In Febuary of 1986, Robert B. Erdman and Norman J. Blake began a study of the biology
of the golden crab collecting data from the southeastern Florida fishery to examine reproductive
biology, size and weight relationships, trap design and catch per unit effort.

Appendix Q. Market Report: North Pacific Crab (National Fisherman, October 1998).
This report from National Fisherman describes the influence the Japanese market has on

U.S. crab prices.

Golden Crab SAFE Report



2.0 Overview of Stock Assessment

2.0 OVERVIEW OF STOCK ASSESSMENT

2.1  Stock Identification
The following text is directly from the Golden Crab Fishery Management Plan (SAFMC,

1995):

The following text is from Erdman (1990):

“The golden crab, Chaceon fenneri, is a large gold or buff colored species inhabiting the
continental slope of Bermuda (Luckhurst, 1986; Manning and Holthuis, 1986) and the
southeastern United States from off Chesapeake Bay (Schroeder, 1959), south through the Straits
of Florida and into the eastern Gulf of Mexico (Manning and Holthuis, 1984, 1986; Otwell et al.,
1984; Wenner et al., 1987).

Prior to its description, previous records referred to this species as either the red crab C.
quinquedens or the similar gold colored C. affinis, which is endemic to the northeast Atlantic
Ocean (National Marine Fisheries Service, 1986; Manning and Holthuis, 1984). Its recognition
as a new species was a direct result of exploratory fishing in the eastern Gulf of Mexico in hopes
of establishing a new deep-sea crab fishery in this area (Otwell et al., 1984).

Reported depth distributions of C. fenneri range from 205 m off the Dry Tortugas
(Manning and Holthuis, 1984) to 1007 m off Bermuda (Manning and Holthuis, 1986). Size of
males examined range from 34 to 139 mm carapace length (CL) and females range from 39 to
118 mm CL. Ovigerous females have been reported during September, October and November,
and range in size from 91 to 118 mm CL (Manning and Holthuis, 1984, 1986).”

The following text is directly from the Golden Crab Fishery Management Plan (SAFMC,
1995):

“The management unit is the population of golden crab occurring within the South
Atlantic Council’s area of jurisdiction along the U.S. Atlantic coast from the east coast of
Florida, including the Atlantic side of the Keys, to the North Carolina/Virginia border. Red crab
and Jonah crab are included in the fishery but not in the management unit because regulations in
this plan only address golden crab at this time. Although all three species of crab are also
harvested in the Gulf of Mexico and Mid-Atlantic/New England waters, the Council concluded
the populations are sufficiently separated from one another to be managed separately.”

2.2  Biology
The following Section 3 information is directly from the Golden Crab Fishery

Management Plan (SAFMC, 1995) [Note: Figures are from the Golden Crab FMP]:
3.1.2 Growth

3.1.2.1 Size and Weight Relationships
The following text, Table 3 and Figures 4-6 are from Erdman (1990):

“Throughout the sampling period, the catch of male crabs greatly outnumbered that of
females. Cumulative size frequency distributions of 508 males and 347 female C. fenneri
examined (Figure 4) indicate a unimodal distribution for each sex with no suggestion of distinct
year classes. Males are considerably larger than females, with overlap between the largest
females and smallest males. Carapace widths of male crabs ranged from 111 to 190 mm with a
mean CW of 158 mm, while females ranged from 89 to 156 mm CW with a mean CW of 123
mm. Animals smaller than 89 mm CW were not collected, possibly due to bias associated with
trap design and the presence of escape rings. Fishing depths also precluded analysis of

4
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2.0 Overview of Stock Assessment
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Figure 4. Cumulative size frequency distribution of male
and female Chaceon fenneri collected during the
period of February, 1986 through. January, 1987
from southeast Florida. N represents the number
of individuals examined.

Table 3. Linear and geometric mean (GM) functional

regression equations of carapace length (CL) and weight (WT)

on carapace width (CW) for male and female Chaceon .

. size units are in mm and weight units are in gm. All linear
regression equations are significant at p<0.05.

—__Linear equation N R: _GM equation
Males
CL = -5.99 + 0.81CW 262 0.89

-14.30 + 0.92CW

8

WD = -2132.45 + 20.64CW 262 0.87 WT = =2369.34 + 22.15CW

Fepales

CL = -4.28 + 0.86CW 193 0.88 =13.19 -~ 0.93CW

a

WT = =790.63 + 9.92CW 136 0.87 WT = -877.09 - 10.62CW
Combined sexes

CL = ~5.19 + 0.B6CW 4585 0.95 CL = -8.61 + 0.88CW
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2.0 Overview of Stock Assessment
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Figure 5. Monthly size frequency distributions of male Chaceon fenneri from southeast Florida.
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2.0 Overview of Stock Assessment

segregation by size with sex and depth as has been reported for other Chaceon species (se€
Beyers and Wilke, 1980; Gerrior, 1981; Intes and Le Loueff, 1976; Haefner, 1978 and Wenner et
al., 1987). Monthly size frequency distributions of male C. fenneri are shown in Figure 5.
Monthly mean carapace widths ranged between 152 and 162 mm; however, the incidence of
smaller males decreased beginning in July 1986, coincidental with the fitting of escape rings in
all traps. Although the present data set precludes statistical analysis of the effect of escape rings,
the absence of smaller males and females in the overall catch was apparent following installation
of escape rings in all traps. This suggests that smaller individuals may exit the trap once all bait
is consumed. ‘

Morphometric relationships for CL vs. CW were based on 262 males and 193 females.
Linear and GM functional regression equations for each sex are shown in Table 3. ANCOVA
indicated no significant differences between male and female CL vs. CW equations (p<0.05),
therefore linear and GM functional regression equations of CL vs. CW were calculated for both
sexes combined (Table 3).

The weight frequency distribution of 262 males and 136 non-ovigerous females is shown
in Figure 6. Weight of male crabs greatly exceeded that of females, ranging from 280 to 1930 g,
with a mean weight of 1 116 g. Mean weight of females was 449 g, ranging from 207 to 800 g.
Although weights of both sexes show a unimodal distribution, the greater incidence of females in
a narrower range of weight classes is due t0 the variation in body weight associated with the
various phases of oogenesis. Because of obvious size differences between sexes, W1 vs. CwW
relationships were calculated separately for each sex and are shown in Table 3.”

(] O N=262
- EAQ N=13¢

PERCENT OCCURRENCE

r T T * T t T
200 400 €00 800 1000 1200 1400 1600 1800 2000

WEIGHT (g)

Figure 6. Cumulative weight fregquency distribution
of male and female Chaceon fenneri
collected during the perzod‘of February,

1986 through January. 1987 from southeast
Florida. N represents the number of
individuals examined.
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2.0 Overview of Stock Assessment

Information from the South Atlantic Bight (text, Figure 2 and Table 4 from: Wenner et
al., 1987) indicated that:

“The 3,217 golden crabs which were measured ranged from 85 to 193 mm in carapace
width and weighted from 100 to 2,109 g. Average weight of male golden crab collected during
the study was 927 g (s = 373.448,n= 1,640) while average weight of females was 443 g (s =
289.385, n = 86). Carapace width-frequency distribution for G. fenneri gave modes at 155 mm
for males and 100 mm for females (Fig. 2). The largest crab collected measured 193 mm and
weighed 2,091 g.

Linear least-squares and functional regression equations (Ricker 1973; Sokal and Rohlf
1983) relating carapace length and live wet body weight with width are in Table 4. Width-
weight relationships were calculated from data on individuals that were not missing appendages.

Geryon fenneri
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Sex Least squares equation n r? GM functional equation
Male CL=-~-95+09CW 3,042 095 CL=-119+09CW
10gjo WT = —4.74 + 3.54 (logyg CW) 1,453 0.94 logyo WT = —4.99 + 3.66 (logyo CW)
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10910 WT = ~3.97 + 3.94 (10gso CW) 74 091 logyy WT = —4.27 + 3.29 {logyo CW)
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2.0 Overview of Stock Assessment

3.1.2.2 Molting
The following text and Figure 7 are from Erdman (1990):

“No discemnible molting pattern was observed for male C. fenneri. Fewer than 3% of the
508 crabs examined were observed in the immediate premolt stage (SO), while less than 10%
showed the clean bright gold carapace indicative of recent molting. Although asynchronous
molting is possible, meat of butchered males shows a watery texture during March and April that
suggests physiological changes occurring prior to the onset of molting (R. Nielsen, commercial
fishermen, pers. comm.). No changes in external carapace condition Were noted during this
period.

Conversely, female crabs showed two period of molting activity. During August and
October, 1986, 33% of females examined were in the immediate premolt stage (SO) (Figure 7).
Premolt females ranged in size from 89 to 118 mm CW. Females in the immediate post-molt
stage (SN) and early intermolt stage (HN) were collected during October through December.
Size ranges of recently molted females was between 110 and 139 mm.

Additional molting activity was also observed during January 1987, when 17% of
females observed were in the premolt stage. Carapace widths of premolt females was between
103 and 123 mm CW. This molt period was not as pronounced as that observed during late
summer and early fall. However, recently molted females (stage HN) were present in the catch
during the period of March through May 1986, suggesting that these animals may have molted
during the pervious late winter or early spring.”

Information from the South Atlantic Bight (Wenner et al., 1987) indicated that:

«“Most (80%) of the 3,183 male and female G. fenneri Were in the intermolt stage. Less
than 1% of the 3,041 male golden crab showed evidence of having recently molted. The
incidence of imminent or recently molted female golden crab was higher that that observed for
males, with four individuals classified as premolt (soft-old) and two in the newly molted (soft-
new) condition. ~

Most (95%) of the 3,183 G. fenneri examined for molt condition had blackened abraded
areas on the exoskeleton, indicative of damage by chitinolytic bacteria. Exoskeleton damage
was most prevalent on individuals in the intermolt (75%) and premolt (1 9%) condition.”

3.1.2.3 Growth

The following text is from Erdman (1990):

«Although the data collected during this study was insufficient for the analysis of growth
patterns of C. fenneri, a discussion of growth in deep-sea crustaceans is warranted due to the
important biological and fishery implications. Growth is generally expressed as an increase with
time in length, volume or weight (von Bertalanffy, 1938). In crustaceans, growth is
discontinuous and involves a series of molts (ecdyses) during which the rigid exoskeleton is shed
and replaced by a new and larger one. However, this loss of integument results in the loss of all
calcified structures thereby preventing the analysis of annual rings in persistent structures such as
the shells of mollusks and the otoliths of fish. A second complication is that many types of tags
are lost during molting, thus tag and recapture studies must be planned and executed accordingly

(Hartnoll, 1982).
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2.0 Overview of Stock Assessment

The examination of growth in crustaceans encompasses the analysis of two major
components; the molt increment or increase in size at each molt, and the intermolt period or time
between successive molts. With increased size, the molt increment usually decreases and the
intermolt period commonly increases (Kurata, 1962; Hartnoll, 1982). However, between sexes,
females generally show a more drastic change in the growth format at the onset of sexual
maturity. This 18 usually attributed to the energetic cost of reproduction and the accompanying
period of egg brooding (Hartnoll, 1985).

Besides changes associated with size, seX and maturity, environmental factors such as
temperature, light and food supply have also been shown to affect the growth format of
crustaceans (Hartnoll, 1982). The majority of growth studies have been conducted under
Jaboratory conditions where these determinants have been selectively controlled which further
complicates analysis of actual growth in natural populations (Kurata, 1962). Studies of the later
type are few in number and are limited to tag and recapture studies of species where commercial
fisheries provide significant returns (Haefner, 1985).

Growth in deep-sea crustaceans is generally quite slow (Childress and Price, 1978; Roer
et al., 1985). This is not surprising when one considers the low metabolic rates of deep-sea
organisms as compared to those of species living elsewhere (Smith and Teal, 1973; Torres et al.,
1979). The low rate of metabolic processes have been proposed as an adaptive response t0 the
decrease in biomass and food supply that are characteristic of increased depth (Rowe, 1983). In
particular, slow growth in deep-sea crustaceans may be attributed to a decrease in the molt
increment, and increase in the intermolt period, or a combination of both (Roer et al., 1985).

Melville-Smith (1989) has developed a growth model for male C. maritae which
indicates that growth in that species 18 extremely slow. The model is based on growth data from
juvenile C. quinquedens (Van Heukelem et al., 1983), and tag and recapture data of adult C.
maritae greater than 50 mm CW collected from the commercial fishery off South West
Africa/Manibia. In general, smaller males (50-100 mm CW) showed an intermolt period of
between 0.5-2.0 years, while larger males (100-150 mm CW) exhibited intermolt periods of
between 3-5 years. The model also predicts age from the growth data and suggest that male C.
maritae of 165 mm CW may be over 25 years old.

The low numbers of premolt and post-molt C. fenneri observed in this study also suggests
that growth in this species is quite slow. Females showed a greater incidence of molting activity
than males, but total numbers of both sexes in the SO, SN and HN stages comprised less than 12
percent of all individuals examined. Although C. fenneri reaches a greater maximum size than
the majority of Geryonidae, the growth model developed for C. maritae may be applied in
general terms. As the present minimum size of male C. fenneri harvested by the commercial
fishery is 130 mm CW, the model suggests that animals of this size enter the fishery in their
sixteenth year. Larger males exceeding 170 mm CW may well be over 30 years of age.”

3.1.3 Reproductive Biology

The following background is from Erdman (1990):

«Reproductive cycles of marine invertebrates may be classified as rhythmic or
continuous. Rhythmic patterns, which may be weekly, monthly, annual or biennial, involve a
distinct gametogenic cycle. This includes the production and release of gametes followed by a
period of inactivity during which energy reserves accumulated and gonad tissue regenerates prior
to the onset of the next successive cycle. Thus, most reproductively active individuals of a
population will reproduce synchronously when environmental conditions are correct (Giese,
1959; Giese and Pearse, 1974). Precise timing requires that initiation and regulation of gonad

11
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2.0 Overview of Stock Assessment

development is in synchrony with changes in the external environment, leading to the production
of new individuals during conditions which are most optimal for their survival (Sastry, 1975).

Continuous reproduction implies a successive series of gametogenic cycles by each
individual. As there is no synchrony between individuals, the population appears to be
reproducing continuously with the regulation of gonad development varying among each
individual (Giese and Pearse, 1974).

The reproductive cycle is affected by exogenous factors such as temperature,
photoperiod, salinity, and food supply. Temporal changes in these factors act as “zeitgebers”
(triggers) that synchronize gametogenesis such that reproduction occurs under favorable
conditions (Giese and Pearse, 1974). considering the environmental consistency of the deep sea,
continuous reproduction patterns are expected (Thorson, 1950; Scheltema, 1972). This pattern
had been reported in a variety of deep-sea invertebrates: branchiopods (Rokop, 1974), bivalve
mollusks (Sanders and Hessler, 1969; Rokop, 1974), isopods (Sanders and Hessler, 1969;

Rokop, 1977), amphipods (Rokop, 1977), decapods (Haefner, 1977; Tyler et al., 1985; Melville-
Smith, 1987c), and ophiuroids (Rokop, 1974; Grant, 1985). In virtually all of these studies, the
absence of seasonality has been proposed to be responsible for the continuous patterns observed.

Annual reproductive patterns in the deep sea have only been reported for a few species of
bivalve mollusks (Lightfood et al., 1979), isopods (George and Menzies, 1967, 1968), decapods
(Hartnoll and Rice, 1985) and ophiuroids (Schoener, 1968; Lightfood et al., 1979). However, the
data presented have often been questionable (presence/absence of ovigerous females; George and
Mengzies, 1967, 1968) and the recognition of specific “zeitgebers” has proved to be quite difficult

if not impossible.

Although continuous reproduction may predominate in the deep sea, comprehensive data
on many deep-sea invertebrates remains scarce. Certain species may show annual patterns, yet it
is obvious that the mode of development, evolutionary history, phylogenetic status and trophic
dynamics of the species in question must be examined to ascertain the significance of this type of
reproduction pattern in the deep sea.”

Golden crab reproductive biology was also studied in the South Atlantic Bight by

Wenner et al. (1987). Their results are also included in Sections 3.1.3.3 and 3.1.3.4.

3.1.3.1 Reproductive Cycle
The following text and Figures 12-14 are from Erdman (1990):

“The monthly incidence of ovigerous females examined indicates an annual reproductive
cycle with a single batch of eggs produced each year (Figure 12). Oviposition begins in mid-
August and continues through early October. Thirty-three percent of females collected in August
were ovigerous and had spent/redeveloping ovaries, while 17% had mature ovaries prior to
oviposition. In October, 29% were ovigerous with ovaries in either spent/redeveloping or early
developmental stages, while 8% had mature ovaries (Figure 13).

Eggs are light purple or burgundy after oviposition, gradually becoming dark purple and
purple=brown prior to hatching. They are carried from approximately six months after which
larvae hatch during late February and March. Seven percent of females examined in February
and 57% from March had egg remnants on the pleopods. Larvae were hatched from two
ovigerous females held in the laboratory during early March, but larval culture was not
successful.

Analysis of mean monthly oocyte diameter further illustrates the annual reproductive
cycle of C. fenneri (Figure 14). The minimum oocyte diameter recorded in October coincided
with the greatest incidence of ovigerous females with redeveloping and early stage ovaries.

12
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Mean monthly oocyte diameter gradually increased each month and reached 2 maximum during
July, prior to the initiation of oviposition in August. Mean oocyte diameter of 188.2 pm
recorded in August included both mature and spent/redevelop'mg ovaries.”

The reproductive cycle of golden crab was studied in the eastern Gulf of Mexico by
Hinsch (1988):

« females of Geryon fenneri were ovigerous from September to March in this study.
The presence of some females in early October without egg masses suggests that these had yet to
oviposit their €885, since most had mature purple oocytes within their ovaries. Other ovigerous
females at the time had small cream yellow ovaries. The latter contain immature oocytes that
have not initiated vitellogenesis and are indicative of ovaries that have recently been spawned.
All females collected until February were ovigerous. During February and March, some females
released larvae when collected and some contained empty egg Cases attached to their pleopods.
No female crabs collected during April and May possessed €88 masses attached to their
pleopods. The reproductive pattern seen in G. fenneri suggests that an annual spawning season
exists each year.

Changes in the reproductive tract of the male golden crab Geryon fenneri paralleled those
of the female. The males examined over the period of this study showed progressive changes in
the large numbers of follicles containing primary spermatocytes in October-November to large
numbers of follicles filled with mature sperm in February-March. The increase in the number of
mature sperm in the testes was followed by an increase in the diameter of the regions of the vasa
deferentia. This increase initially became apparent in the anterior portion, but ultimately
included middle and posterior portions as well. Such changes from September through May
suggested a seasonality of reproduction in males of G. fenneri as well.”

3.1.3.2 Fecundity

The following text & d Figures 14 and 15 are from Erdman (1990):

«“Mean egg diameter for C. fenneri is 540 pm at the time of oviposition. This increases
with development to between 580 and 600 pm prior to hatching (Figure 14). Regression analysis
of egg number on carapace width is shown in Figure 15. The number of eggs per female
increased with increasing carapace width as described by:

Number of Eggs = 4,465.7 CW - 346,105 r2 = 0.64
Thus, the number of eggs extruded is directly correlated with the size of the female. Egg number
for the twelve females examined ranged from 131,000 through 347,000.”

3.1.3.3 Size at Sexual Maturity

The following text and Figure 16 are from Erdman (1990):

«In addition to the onset of ovarian development and the presence of extruded eggs, other
characteristics must also be considered in the assessment of size at sexual maturity in
brachyurans. Following the pubertal molt, the abdomen and gonopores show changes that are
generally accepted as external morphological indications of sexual maturity and subsequent
mating (Hartnoll, 1969).

Chaceon fenneri exhibits the simple pattern of gonopores described by Hartnoll (1 967),
with three distinct types recognized. Type A gonopores which are narrow and slit-like are
present on sexually immature animals. Type B gonopores which follow the pubertal molt are
elongate and ovoid in shape, while type C is a modification of type B differing only in that the

15
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gonopore is more elongate and gaping as a result of mating during the immediate post-molt

period. In addition, type C gonepores often exhibit a blackened margin due to abrasion by the
male pleopods during mating.

Carapace width of the 347 fernales examined ranged from 89 to 156 mm. Eighty-five
females were ovigerous (25%) and ranged in size from 97 to 147 mm CW (Figure 16). All
ovigerous females examined exhibited type C gonopores (elongate and gaping) with 74% having
blackened margins. Type C gonopores were also observed on non-ovigerous females ranging in
size from 103 to 156 mm CW, with 60% of the females examined having sperm in the
spermetheca. Thus type C gonopores appear indicative of sexual maturity and previous mating.
However, non-ovigerous females with type C gonopores and empty spermetheca may have
previously undergone mating and oviposition but have yet to molt and mate again.

Twenty-six females ranging in size from 89 to 118 mm CW were observed in the
immediate pre-molt stages during August and October. All individuals examined had ovaries in
the immature or early developmental stage and had type A gonopores. Recently molted females
collected during the period of October through December exhibited signs of recent mating.
Seventy-one percent of females ranging in size from 105 to 120 mm CW had type C gonopores.
Seven females were examined for spermetheca contents and five had sperm present. The
remaining 29% of recently molted females had type B gonopores and empty spermetheca.
Ovaries from all recently molted crabs were either in the early or intermediate stage of
development.

Considering the size ranges of ovigerous females, the stages of ovarian development, and
changes in gonopore structure associated with the pubertal molt, size at sexual maturity of C.
fenneri is between 85 and 100 mm CW.”

Information for the South Atlantic Bight (Wenner et al., 1987) suggest that females may
become sexually mature at 97 mm carapace width. In South Africa, the red crab matures at
between 7 and 9 years old and 75 to 90 mm carapace width (Melville-Smith, 1987c¢).

3.1.3.4 Mating

Erdman (1990) observed mating behavior of golden crab held in captivity:

«“Mating in Brachyuran crabs may occur immediately following ecdysis by the female
(i.e., Callinectes sapidus, Cancer magister, Menippe mercenaria) or may occur when the female
is in the intermolt state (i.e. Grapsus grapsus, Maja squinado, Pinnotheres maculatus)(Hartnoll,
1969). Post-molt mating often encompasses complex behavior patterns that include a premolt
cradle and post-molt embrace of the female by the male. The embrace is associated with
copulation and continues until the female exoskeleton has sufficiently hardened for resumption
of normal activities. Conversely, intermolt mating does not exhibit complex courtship patterns
and is often of short duration. The contrast in mating patterns has been attributed to differences
in gonopore structure (Hartnoll, 1969).

Mating following female ecdysis has been reported in two species of Chaceon: C.
longipes (Mori and Rellini, 1982) and C. quinquedens (Elner et al., 1985); however, the mating
pattern of C. fenneri remains unknown. Although the pattern of mating following molting might
be expected to be present throughout the Geryonidae, intra-family differences have been noted in
the Xanthidae and Majidae (Hartnoll, 1969).

The following observations are based on two separate episodes of molting and mating of
C. fenneri held in captivity. Data of this nature when combined with field observations of
population structure, reproduction and growth may provide additional insight to the life history
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of this slope dwelling species. Of particular importance may be the application of these
observations to the low frequency of reproduction pattern proposed for C. fenneri.
Case 1

Precopulatory behavior was first noted on August 13, when the male formed a protective
cage around the female with his walking legs. The male clasped the female by the carapace,
dorsal side up, with the first pair of walking legs (2nd periopods). While carrying the female, the
male continued to move about on the dactyls of the walking legs and feed at regular intervals.
The female was not observed to feed during the premolt embrace. On September 9, the female
molted with the male still forming a cage with his walking legs. Unfortunately, the female was
unable to back out of the old carapace; hence, mating was unsuccessful.

The soft shell female was dissected to observe the stage of ovarian development. The
ovary was slightly swollen and cream in color, an indication of early development. This stage
was confirmed through histological examination.

Case 2 :

On December 10, 1988, the largest male in the aquarium (180 mm CW) formed a cage
around the premolt female with his walking legs. The female folded all appendages close to the
carapace and was carried dorsal side up beneath the male. The male used the first pair of
walking legs (2nd periopods) to grasp the female between the first set of her walking legs
(periopods 2 and 3). This carrying behavior continued for 28 days until the female molted.
During this period, the male continued to feed at regular intervals and on occasion offered food
to the female; however, the female was not observed to feed prior to molting.

Molting began on January 7, 1989. Immediately prior to molting, the male released the
female to the substrate and formed a protective cage around her with his walking legs. During
this period, the male was observed to repel the two additional males present in the aquarium.
The female remained motionless, dorsal side up until the suture at the posterior margin of the
carapace was completely open. Typical brachuran molting followed with the female slowly
backing out of the old exoskeleton. The male remained in the cage position but did not assist
with molting.

Within two hours of the completion of ecdysis, the copulatory embrace began; the pair
clasped sternum to sternum with the female inferior, ventral side up. The female was held off
the substrate by the male walking legs as previously described. Mating occurred with the
extended abdomens of both crabs overlapped and the first pair of male pleopods inserted into
corresponding female gonopores.

Following molting and the onset of copulation, the mated pair moved away from the
discarded exoskeleton. At this time, the smallest male in the aquarium was observed to cradle
and attempt copulation with the discarded exuviae. This peculiar behavior continued for
approximately two hours until the male released the exoskeleton; this exoskeleton was removed
for remeasurement of premolt morphometrics.

This copulatory embrace continued until February 10, 1989, a duration of 34 days.
During this period the male fed actively and was observed to offer food to the female on many
occasions. The female was observed to feed on three occasions while still in the copulatory
embrace. The male walking legs were not always used to carry the female; often the female was
carried by the male pleopods which remained inserted in the gonopores.

The female broke free on February 10, 1989, when the new carapace had hardened
sufficiently for increased locomotory activity. Upon examination, the new carapace was brittle
and slightly flexible, and bright creamy gold in color. Carapace width was 139 mm, an increase
of 13 mm. Gonopores were type 3 with prominent blackened margins from abrasion during
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copulation. Blackened discoloration was also visible on the merus of the second periopods from
abrasion by the male walking legs during the copulatory embrace.
Discussion '

Mating of C. fenneri in the immediate post-molt stage conforms to one of the two basic
Brachyuran mating pattems described by Hartnoll (1969). This pattern of long duration premolt
and post-molt mate guarding has also been observed in C. longipes (Mori and Rellini, 1982) and
C. quinquedens (Elner et al., 1985). This behavior has obvious survival benefits in that the soft-
shell female is protected from potential predation during a period of great vulnerability. The
long duration of the premolt embrace also suggest the presence of a pheromone released by the
female to attract potential mate (Ryan, 1967).

Of greater significance is that the second female was sexually mature when collected.
Thus, molting of this fernale which had shown signs of previous reproductive activity suggests
multiple mature instars rather than a single mature instar (Melville-Smith, 1987c¢).

The ovarian condition and gonopore stage of the first molting female infers that if
successful, this molt would be the pubertal molt associated with the onset of sexual maturity.
The 91 mm premolt carapace width of this individual was well within the proposed carapace
width range of 85-100 mm that is the size at sexual maturity in this species. As molting occurred
in early September, a period when oviposition occurs in reproductively active females, this
individual would be expected to undergo oviposition the following fall. This suggests that sperm
may remain viable for up to 12 months in this species. Delayed oviposition following mating
has also been reported for C. quinquedens (Elner et al., 1985).

The second female was sexually mature when collected and the presence of blackened
type 3 gonopores is indicative of pervious mating activity. Of greater significance were the egg
remnants on the pleopods which indicate that this female had recently hatched eggs prior to
collection in February. This female did not undergo oviposition during the fall moths after
collection, yet the December period of molting conformed to molting patterns observed from
southeast Florida and the eastern Gulf of Mexico. Thus, the temporal incidence of molting in
both females held in captivity was temporally asynchronous to the reproductively active
members of the sampled populations, yet showed a degree of synchrony with those members of
the populations observed to undergo molting. The alternate pattern of molting and mating
provides further evidence for the low frequency of reproduction pattern suggested for this
species.”

During their study of the South Atlantic Bight (Wenner et al., 1987), a captured female
was maintained in an aquarium: “Observations on molting and mating of a female (110 mm
CW), which had been held ina refrigerated aquarium since February 1986 and had completed
ecdysis in late May 1986, confirmed that female golden crab molt just before mating occurs.”

In the eastern Gulf of Mexico, golden crabs appear to mate in the hardened state Hinsch
(1988):

«The presence in the females of swollen seminal receptacles filled with seminal fluids
and sperm serves as evidence for the time of mating. Female Geryon fenneri with immature
ovaries contained sperm plugs in their seminal receptacles, suggesting that these might have
mated following the molt to maturity. Not all female crabs mate at the time of the molt to
maturity. Female crabs of the family Majidac mate initially and thereafter in the hardened
condition sometime after the terminal molt (Hartnoll, 1963; Hinsch, 1972). The presence of
barnacles and blackened spots on the carapace of many female golden crabs are indicative of a
long time since molting, suggesting that female golden crabs can mate in the hardened condition
as well. The presence of sperm in the seminal receptacles suggests that the crabs may even be
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capable of holding sperm from one copulation over for successive seasons. In the spider crab
Libinia emarginata (see Hinsch, 1972), a single mating may suffice to provide sperm for several
broods. Transmolt retention of sperm in the seminal receptacles has been reported in Menippe
mercenaria (see Cheung, 1968).”

3.1.3.5 Larval Distribution & Recruitment

The following text and Figure 1 are from Lockhart et al. (1990):

“The distribution patterns of Chaceon fenneri and possibly C. quinquedens in the eastern
Gulf of Mexico suggest a causal role for the Loop Current System (Maul 1977) in basic life
history adaptations. Female distribution within these species’ geographic ranges and the timing
of larval release supports this hypothesis. Ours was the first study to discover female golden
crabs in any significant numbers and was also the first to find a major population of female red
crabs in the Gulf of Mexico. Both of these concentrations of females were seemingly shifted
counter-current to the Loop Current circulation. We hypothesize that this counter-current shift is
linked to larval release and transport, and serves to maximize recruitment into the parent
population by minimizing risk of larval flushing.

Similar counter-current shifts of other female decapods have been reported or
hypothesized. In the Gulf of Mexico, spawning female blue crabs (Callinectes sapidus) have
been hypothesized to undergo a late summer spawning migration in the northeastern Gulf of
Mexico that is counter to the Loop Current system (Oesterling and Adams 1979). Female
western rock lobsters (Panulirus cygnus) are hypothesized to undergo migration to favor
recruitment back into the parent population (Phillips et al. 1979). Kelly et al. (1982) proposed
that only those red crab larvae (Chaceon quinquedens) released up-current in the species’ range -
will recruit back into the parent population. Melville-Smith (1987a, 1987b, 1987¢) in a tagging
study of red crabs (C. maritae) off the coast of southwest Africa, showed that the only segment
of the population exhibiting significant directional movement were adult females: 32% of
recaptures had moved greater than 100 km and the greatest distance traveled was 380 km over 5
yr. This directional movement was later shown to be counter to the prevailing surface currents
(Melville-Smith 1990). Thus, within decapods in general, and the genus in particular, adult
females are capable of, and appear to undergo, long-distance directional movement in their
lifetimes.

A similar migration of adult female golden crabs, counter-current to Loop Current
circulation in the Gulf of Mexico (Fig. 1), would produce the geographic population structure
observed off the southeastern United States. Females would be most common farthest up-current
whereas males would be most common intermediate in the species geographic range. Wenner et
al. (1987) reported a 15:1 (M:F) sex ratio in the South Atlantic Bight and in this study, we had an
overall sex ratio of 1:4 — both consistent with hypothesized net female movements to
accommodate larval retention and offset the risk of larval flushing.

In fact, given this, two female strategies could maximize recruitment in a prevailing
current. The first is for females to position themselves far enough up current so that entrainment
would return larvae to the parent population (Sastry 1983). The second is to avoid larval
entrainment altogether and thus avoid flushing of the larvae out of the system. Female Chaceon
fenneri, and perhaps C. quinquedens, appear to use both strategies but rely mainly on the latter.
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Fic. 1. Map of the eastern Gulf of Mexico with sampling areas indicated numbered ci

line shows the 183 m isobath. Dotied line shows the 400 fathom 732 m lsorath Amwcsmshowles' .D:pmhf

Cure O e (open arrows) and maximum (closed arrows) annual penetration of the Gulf Loop
urrent. .

Female golden crabs release larvae offshore in depths usually shallower than 500 m. If
larvae were released directly into the Loop Current-Gulf Stream System, they would be entrained
for their entire developmental period. Givena developmental time of 33-40 d at 18°C (K. Stuck,
Gulf Coast Research Laboratories, Ocean Springs, Mississippi, pers. comm.) and current speeds
of 10-20 cm/sec (Sturges and Evans 1983), transport of the larvae would be 285 km to 690 km
downstream. Thus, larvae released on the Atlantic side of Florida are in danger of being flushed
out of the species’ range before recruiting to the benthic stock. Likewise, larvae released directly
into the current in the southeastern Gulf of Mexico would be flushed from the Gulf.

Female golden crabs release larvae from February to March (Erdman and Blake 1988;
Erdman et al. 1989) and the greatest concentration of female golden crabs to date found in this
study was in the northeastern Gulf of Mexico off central Florida. Only during this period and in
this region (Maul 1977), can female golden crabs avoid complete entrainment and possible
flushing of larvae out of the system. Partial entrainment of larvae might still occur, but its
duration should be much reduced, and the risk of larval flushing minimal. This hypothesis
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predicts that most larvae should be found near the concentrations of females we found in the
northeastern Gulf of Mexico with decreasing settlement further downstream. The abundance of
juveniles should show a similar pattern.

One need not invoke similar counter-current movements for male geryonid crabs. In
particular, males moving perpendicular to adult females (i.c. males moving up and down the
continental slope) would have a greater encounter rate with females than males moving along the
slope with females. Given low female reproductive frequency (Erdman et al. 1989), intense
male-female competition (Lindberg and Lockhart 1988), and probability of multiple broods
(Hinsch 1988) from a single protracted copulation (H. M. Perry, pers. obs.), the male strategy
should be to intercept relatively rare receptive females all along the species’ range, not to
aggregate with presumably inseminated females. This hypothesis would predict a relatively
uniform abundance of males along their geographic range. In addition, the incidence of
inseminated females should be high farthest upstream with an ever decreasing percentage down-
stream. Our study supports the former hypothesis but we cannot address the latter.

The distributional patterns of geryonid crabs we observed are consistent with those
reported from elsewhere. Furthermore, these patterns lead us to suggest that the Loop Current
System has had a causal role in life history adaptations of Chaceon fenneri and perhaps C.
quinquedens. In general, females are expected to release larvae during a time and in a region
where risk of larval flushing is minimal (Sinclair 1988), whereas males are expected to compete
intensely for rare, receptive mates.”

The coastal physical oceanography in the Florida Keys was described by Yeung (1991) in
a study of lobster recruitment:

“The strong, northward-flowing Florida Current is the part of the Gulf Stream system
confined within the Straits of Florida. It continues from the Loop Current in the Gulf of Mexico,
and proceeds beyond Cape Hatteras as the North Atlantic Gulf Stream.

The mean axis of the Florida Current is approximately 80 km offshore of Key West and
25 km off Miami (Lee et al. 1991). Mean annual cross-stream surface current speed in the
Straits of Florida is approximately 100 cm/s (U.S. Naval Oceanographic Office 1965).

Brooks and Niller (1975) observed a persistent countercurrent near Key West extending
from surface to the bottom, and from nearshore to approximately 20 km seaward. They believed
that it was part of the cyclonic recalculation of the Florida Current between the Lower and
Middle Keys.

The presence of a cold, cyclonic gyre was confirmed by physical oceanographic data
collected in the SEFCAR cruises. It was named the Pourtales Gyre since it occurs over the
Pourtales Terrace -- that area of the continental shelf off the Lower and Middle Keys (Lee et al.
1991). When the Florida Current moves offshore, the Pourtales Gyre forms over the Pourtales
Terrace, and can last for a period of 1-4 weeks.

The Pourtales Gyre could entrain and retain locally spawned planktonic larvae for a short
period. The combination of the cyclonic circulation and enhanced surface Ekman transport
could also advect foreign arrivals into, and concentrate them at, the coastal boundary (Lee et al.
1991).

Vertical distribution of the larvae within the 3-dimensional circulation will subject them
to complicated hydrographic gradients, which might influence their development time, and hence
their dispersal potential (Kelly, Sulkin, and van Heukelem 1982; Sulkin and McKeen 1989).
Thus, variability in the circulation features and water mass properties can lead to variability in

larval transport and recruitment.”
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The Pourtales Gyre may provide a mechanism for entrainment of golden crab larvae

spawned on the Florida east coast, and also as a mechanism to entrain and advect larvae from the
d by the conclusion of Yeung

Gulf and Caribbean (e.g., Cuba). This possibility is supporte
(1991) suggesting that larvae of a foreign origin supply recruits to the Florida spiny lobster

population:

«The foreign supply of pre-Tecruits arriving
the same fate as the locally spawned larvae, that is, passing
Pourtales Gyre may play 2 significant role in recruitment by
entrain and advect larvae into the coastal boundary.

The Pourtales Gyre, even if linked with the Dry Tortugas gyre of the Florida Bay
circulation, may not be able to provide a pathway much more than 2 months in period. For
locally spawned Panulirus larvae to be retained for their entire development would require

several circuits -- not impossible, but unlikely”
The timing of the Pourtales Gyre provides a mechanism for local recruitment of Scyllarus
larvae (Yeung, 1991) and may also provide a similar mechanism for golden crab larvae. The
following figure (Figure 12) is a generalized pathway for lobster larvae (Moe, Jr., 1991). Golden
crab larvae from the Gulf of Mexico, Cuba, and possibly other areas of the Caribbean, probably

provide larvae to the South Atlantic population. The proportion of local recruitment is unknown
but could be significant.

with the Florida Current might easily meet
on with the Florida Current. The
providing a physical mechanism to
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Figure 12. Lola's travel route as a phyliosome larva.
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3.14 Feeding
Feeding habits are very poorly known. Golden crabs are often categorized as scavengers

that feed opportunistically on dead carcasses deposited on the bottom from overlying waters
(Hines, 1990).

3.1.5 Movement
Wenner et al. (1987) found in the South Atlantic Bight that: ““ Size-related distribution of

G. fenneri with depth, similar to that reported for red crab, may occur in the South Atlantic
Bight. We found the largest crabs in the shallowest (274-366 m) and deepest (733-823 m) strata.
A clear trend of size-related up-slope migrations such as Wigley et al. (1975) reported for G.
quinquedens is not apparent, however, because of trap bias for capture of larger crabs of both
sexes. Otwell et al. (1984) also noted no pattern in size of golden crab by depth for either sex.
Tagging studies of red crab off southern New England provided no evidence for migration
patterns and indicated instead that tagged crabs seldom moved more than 20 km from their site
of release (Lux et al., 1982).”

Lindberg and Lockhart (1993) found in the Gulf of Mexico: “ The golden crab Chaceon
fenneri in the eastern Gulf of Mexico exhibits a typical bathymetric pattern of partial sex
zonation and an inverse size-depth relationship, as first reported for red crabs (C. quinquedens:
Wigley et al., 1975; C. maritae: Beyers and Wilke, 1980). Sex segregation, with females
shallower than most males, was more evident in our results than in those of Wenner et al. (1987)
from the South Atlantic Bight, primarily because our trap catch had a higher proportion of
females (25.9% compared to 5.2%).”

3.1.6 Mortality Rates
No mortality information is available for golden crabs. Melville-Smith (1988) studied

the red crab off southwest Africa and estimated total mortality from catch curves. Total
mortality (Z) for different fishing areas ranged 0.24 to 1.40.

Melville-Smith (1988) stated “With the limited information, there is no way of accurately
calculating what portion of Z is made up by natural mortality (M). Also, there is very little
comparative information on decapod natural mortality in the literature. Most studies of cold-
water crabs and lobsters have used an assumed or roughly calculated low value, 0.1 (Thomas,
1973) and 0.02 (Ennis, 1979) for Homarus americanus, 0.1 for Jasus edwardsii (Annala, 1980),
and 0.14 for Cancer pagurus (Bennett, 1979). For warmer water lobsters, M has tended to be
quoted as higher, 0.14-0.52 for Panulirus argus (Munro, 1974 quoted by Cobb and Wang, 1985)
and 0.226 for Panulirus cygnus (Morgan, 1977).

G. maritae is slow growing (Melville-Smith in press b) and lives in cold water at
temperatures of 4.5-10.4°C (Beyers and Wilke, 1980). Furthermore, size frequency analysis of
the catch (Fig.3) reveals that large crabs are abundant in areas where the rate of commercial
exploitation is low. These factors suggest that the rate of natural mortality is low. Therefore,
calculations involving M in this paper have been made with three values of M, 0.05, 0.10 and
0.15, the true value (which is unlikely to be constant over the whole grounds), probably lying

somewhere within that range.” :
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23  Catch and Catch Per Unit Effort _
The following text is taken directly from Appendix F, page F-2 and F-3 (Harper and

Scott, 1998):
“Reported Logbook Golden Crab Catches

Table 1 provides a monthly summary of the information for the 434 Golden Crab Trip
Report Logbook forms which reported fishing activity. For the Middle Zone (area between 25°
N. latitude and 28° N. latitude), estimated monthly golden crab catches from 330 trips completed
furring the entire period, November 1995 through April 1998, were 1.39 million pounds. Over
the entire time period Middle Zone monthly catches averaged 46,315 pounds and ranged from
13,600 pounds for November 1995 to 84,872 pounds for May 1997 (Figure 1). Logbook report
forms representing 104 trips with golden crab Jandings made in the Southern Zone (areas south
of 25°) between February 1997 and March 1998 were submitted. Southern Zone estimated
golden crab catches for these reported trips were 395,275 and averaged 28,234 pounds per month
over the fourteen reported months.
Catch-per-unit-effort

The number of trap hauls reported for the 434 trips in the golden crab logbook database
was 49,301 (Table 1, Figure 2). During the logbook time period the average number of traps
hauled per month was 1,216 in the Middle Zone and 860 in the Southern Zone. Harper (1996)
reported that golden crab catch-per-unit-effort as measured by mean catch (pounds) per trap haul
was increasing during the period November 1995 through March 1996. With additional trips
over a longer time period available for calculations, CPUE trends appear to be exhibiting
seasonal patterns with peak CPUE occurring in winter-spring (December through May) with
Jower CPUE values calculated during summer-fall (June through November). For the Middle
Zone, golden crab monthly mean catch per trap haul was 42.8 pounds during winter-spring and
32.7 pounds during summer-fall (Figure 3).

Incidental catch
Incidental catch information was estimated by fishers and reported on the Golden Crab

Trip Logbook forms. The most frequently reported incidental catch species was the giant isopod,
Bathynomus giganteus. A total of 17,455 estimated pounds of giant isopod were caught between
November 1995 and April 1998 (Table 2). The overall mean catch per trap haul was 0.36
pounds and ranged from 0.12 pounds during May 1996 to 0.61 pounds during October 1996. In
general, reported incidental catch of other species was very low. In addition to the giant isopod,
nine other species categories representing a total incidental catch of 26.5 pounds over the period
November 1995 through April 1998 were reported on the logbook forms. These species
categories and estimated catch were: rockfish - 7.5 pounds, hake - 6.0 pounds, whiting - 3.0
pounds, jonah crab - 2.8 pounds, shrimp - 2.0 pounds, queen snapper - 2.0 pounds, squid - 1.2
pounds, red crab - 1.0 pounds, and scorpion fish - 1.0 pounds.”

2.4  Size Frequency Data

The following text is taken directly from Appendix F, page F-4 (Harper and Scott, 1998):
“TIP Sampling

TIP sampling of the golden crab fishery began during May 1995. A total of 51 trips have

been sampled and 4,801 golden crabs have been measured through December 1997. Table 3
presents the monthly number of crabs measured and carapace width statistics. The overall mean
carapace width of sampled golden crabs was 148.5 mm. (N=4,801, std.=12.6) and ranged from
142.5 mm. (N=475, std.=16.3) during September 1995; t0 157.7 mm. (N=161, std.=8.3) during
January 1997.”
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2.5  Stock Status
The following Section 3 information is directly from the Golden Crab Fishery

Management Plan (SAFMC, 1995) [Note: Figures are from the Golden Crab FMP]:

“3.1.7 Abundance
Golden crab abundance studies are limited. Data from the South Atlantic Bight (Wenner

et al., 1987) estimated abundance from visual assessment was 1.9 crabs per hectare while traps
caught between 2 and 10 kg per trap. Wenner and Barans (1990) estimated the golden crab
population in small areas of 26-29 square km between 300-500 m off Charleston to be 5,000-
6,000 adult crabs. In the eastern Gulf of Mexico adult standing stock was estimated to be 7.8
million golden crabs and the biomass was estimated to be 6.16 million kg (13.6 million pounds)
(Lindberg et al., 1989). Experimental trapping off Georgia yielded an average catch of 7 kg per

trap (Kendall, 1990).

3.1.8 Present Condition

Unknown due to lack of data.

Sea Grant (Florida and South Carolina) hosted a research workshop on Geryonid Crabs
and Associated Continental Slope Fauna in January 1989 (Lindberg and Wenner, 1990). The
Rapporteur’s comments (taken directly from Armstrong, 1990) on crab management and the east
coast United States Geryonid fisheries provides useful insight into the potential for a golden crab
fishery:

1. In general, participants at the conference were not overly optimistic about the prospects
for large and sustained fisheries for these species because of their deep water distribution,
evidence of infrequent recruitment, slow growth, older age at reproductive and legal size, and
fairly low density over extended regions of the species’ range.

2. Crab management was reviewed and as in the case of most crab fisheries, much of the
management is directed toward providing safeguards for reproductive effort by excluding
females from the fisheries and setting minimum sizes to allow for adequate male reproduction
before capture by the fisheries (Table 1).

3. Fisheries prospects for golden crab in the South Atlantic Bight to the Gulf of Mexico are
more tenuous than for the red crab fishery in the northeast United States. Golden crabs seem to
be distributed at very low densities but have the capacity to locate food and traps over an
apparently great distance (Wenner, 1990; Wenner et al., 1987) which portends rapid depletion in
areas heavily fished. Given aspects of both species’ life history (Hines, 1990) such as deep water
distribution at cold temperatures, slow growth and relatively advanced age at maturity and legal
size, it seems that high sustained yield is not likely. As in the case of other crab fisheries listed
in Table 1, managers could take a conservative approach (as apparently has been done) that
allows capture only of males of a size and age beyond reproductive maturity, with the objective
of maintaining species reproductive effort quite apart from the knowledge of biotic and abiotic

factors that affect year class strength.
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4. In order to provide some likelihood of reasonable annual catch by participating
fishermen, managers may want to consider a limited entry fishery as has been done with a
number of Australian invertebrate species. Given the expense of capitalization for such deep
water fishing, it seems that fishermen are vulnerable to the vagaries of surplus male abundance
which could be quickly reduced by unrestricted participation. Without an annual preseason
survey and resultant catch quota at the present, there is no basis to attenuate excessive annual
exploitation and spread capture of large males over several years, particularly if year classes
reaching legal size are infrequently strong as hypothesized for P. camischatica in the Bering Sea.
Limited entry (and effort) might achieve this goal of more stable yield, although somewhat
blindly since state fisheries agencies will likely not conduct surveys to estimate stock abundance
as a means to index the degree of annual exploitation by a limited entry fishery.

5. Another option as practiced for some west coast Canadian invertebrate fisheries that are
not well studied and regulated is that of “boom and bust”. So long as rudimentary guidelines
safeguard reproductive effort, the fishery is allowed to grow to any size (unrestricted vessel
participation) and achieve 100% exploitation as it is able. Eventual decrease in abundance and
reduction in landings are a consequence to which fishermen must adjust as they either stay with
golden crab or move to other fisheries.

3.1.9 Maximum Sustainable Yield

Information to calculate maximum sustainable yield (MSY) is extremely limited. Ideally,
one would like to have catch and effort data for 10 years, information on size and age of the
catch, fishery independent data, and information relating spawning to recruitment. If these types
of data were available for golden crab, surplus production models, spawner/recruit models, and
catch-at-age models (e.g., virtual population analysis) could be used to conduct a stock
assessment. Faced with such a severe lack of data, the Council had no choice but to use a more
simple approach relating the fishing mortality rate to the rate that would produce the maximum
sustainable yield.

This is not necessarily all bad as described by Hilborn and Walters (1992: 4):

“A management authority can go about the difficult business of making choices among
quantitative alternatives in three ways. First, it may simply mimic choices made under similar
circumstances by other authorities under the assumption that previous decision making has
already involved careful evaluation of alternatives. Second, it may make an initial choice that
‘Jooks reasonable’ on intuitive grounds, then plan to systematically vary the choice while
monitoring biological and economic responses, so as to eventually find the best choice by an
empirical process of trial and error. Third, it may engage in formal stock assessment, the
construction of quantitative models to make the best predictions possible about alternative
choices based on whatever data are available to date, and then base its choices on the models
while expecting to refine or modify the choices later as more data become available. A
combination of the second and third approaches, using a mixture of quantitative modelling and
empirical management experimentation, has come to be called ‘adaptive management’ (Walters
and Hilborn 1976, Walters 1986).”

The following discussion concerning MSY based on natural mortality is from an
examination of reference points (RPs) for fishery management with application to straddling and
highly migratory resources (FAO, 1993). The FAO document was prepared to offer technical
input on practical options for management of these resources. Straddling resources includes
species which occur within the jurisdiction of multiple countries and for which management
should be coordinated. As such, the theory and approach is useful for golden crab which are
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known to occur in the U.S., Bahamas, and Cuba. In addition, the information presented below 1s
generic to any species as it relates basic principles of population dynamics.

«New fisheries usually develop in the absence of adequate assessment information, and
management has to proceed on the basis of information available at that point in time. Itis
important that the rate of fishing during the early stages does not exceed the rate of learning (e.g.
Hilborn and Sibert 1988). A more cautious approach may result in underexploitation, but this
will not necessarily lead to a Joss of potential yield (see Jater sections on Risk). In the 1960-70s,
many new fisheries developed in different parts of the world, for which the only data on stock
status was one or several estimates of biomass from exploratory fishing campaigns or fishery
surveys. In an attempt to provide some basis for fleet and fishery development, a simple
empirical formula for the MSY was proposed by Gulland (1973) in terms of the virgin biomass
Bgand the natural mortality rate M, notably MSY = 0.5 M Bo. (A reformulation of the second
yield equation in Annex ), and follows the symmetrical Schaefer yield model in assuming that
MSY will occur at half the virgin stock size By, and that at MSY, the fishing mortality and
natural mortality rates will be equal. Later, a more cautious approach was used, and Gulland
generalized the equation to
MSY = x.M.Bo with the value of x being related to the stock characteristics. Garcia et al. (1989)
proposed several estimators for MSY when historical data series are not available.

There is in fact little empirical evidence that Fmsy =M fora majority of stocks.
Beddington and Cooke (1983) suggested that x is generally smaller than 0.5, while for tropical
penaeids Garcia and Lereste (1981) suggested that values X = 0.32 to 0.44 are appropriate. From
a limited set of 11 stocks, Caddy and Csirke (1983) found values were bounded by x = 0.33to at
Jeast x = 4, the Jowest values being shown by short-lived shrimp and a sardine populations, and
the highest by two northern demersal finfish; apical predators with low natural mortality rates.
From an analysis of a series of small pelagic stocks, Patterson (1992) found that only low
exploitation rates (no more than 40%) corresponding to not more than x = 0.33 are sustainable.
The point of mentioning these very approximate benchmarks is that for many straddling stocks
off developing coastal countries, setting ‘Precautionary’ RPs might still have to draw upon such
procedures.”

Because of the lack of both fishery-dependent and fishery-independent data from the
golden crab fishery, it has not been possible to develop a MSY estimate for the golden crab
fishery in the south Atlantic. A preliminary analysis was prepared with the assistance of Dr.
John Merriner, NMFS SEFSC Beaufort Lab.

Mortality estimates are available from work on the red crab off southwest Africa
(Melville-Smith, 1988): Natural mortality (M) range = 0.05, 0.10, and 0.15 (see Section 3.1.6
Mortality Rates).

The biomass (Bo) of golden crab in the south Atlantic is unknown. An estimate of adult
golden crab biomass for the eastermn Gulf of Mexico is available (Lindberg et al., 1989). Based
on research from the eastern Gulf of Mexico, adult biomass was estimated to be 13.6 million
pounds (see Section 3.1.7 Abundance).

The quantity of habitat suitable to golden crab in the south Atlantic is unknown. For
purposes of the preliminary MSY analysis, habitat in the south Atlantic was assumed to be equal
to and two times the quantity of habitat in the eastern Gulf of Mexico.

Finally, the sex ratio was assumed to be either 1IM:1F or oM:1F. This recognizes results
of research which show a higher proportion of females in the south Atlantic.
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Using these estimates, maximum sustainable yield can be calculated (Table 2) using the

formula:

MSY =0.5M Bo

Table 2. Maximum sustainable yield based on estimated abundance of golden crab in the Gulf of

Mexico.
SATL Habitat=GM | SATL Habitat twice GM
Natural Total MSY MSY MSY MSY
Mortality Biomass Sex ratio | Sexratio | Sex ratio Sex ratio
(M) Pounds 1M:1F 2M:1F 1M:1F 2M:1F
0.05 13,600,000 170,000 | 227,800 340,000 455,600
0.10 13,600,000 340,000 | 455,600 680,000 911,200
0.15 13,600,000 510,000| 683,400{ 1,020,000 | 1,366,800

Based on the preliminary analysis, maximum sustainable yield was estimated to range
between 170,000 and 1,366,800 pounds. This information was included in the September 1995
draft fishery management plan which was reviewed by the public, attendees at public hearings,
the Council’s Golden Crab Advisory Panel, the Council’s Scientific and Statistical Committee,
and the South Atlantic Council.

SC DNR Analysis
In addition to the preliminary analysis, the Council requested Dr. Elizabeth Wenner, Mr.

Glenn Ulrich, and Dr. Charles Barans from the South Carolina Department of Natural Resources
examine their data from the South Atlantic Bight and provide an estimate of MSY for golden
crab in the south Atlantic. The analysis provided was reviewed by the Council’s Scientific and
Statistical Committee, the Golden Crab Advisory Panel, and the Council. This information was
also distributed to members of the public prior to the final public hearing during the October
1995 Council meeting. The complete analysis as outlined in a letter from Dr. Elizabeth L.
Wenner, Mr. Glenn F. Ulrich, and Dr. Charles Barans, which was FAXED on October 11, 1995
is as follows:

“The following information is provided for use of the South Atlantic Fishery
Management Council in determining standing stock estimates and MSY for Chaceon fenneri
(golden crab). Since neither the true density of crabs nor their habitat distributions are known for
the entire South Atlantic Bight from Cape Hatteras to Cape Canaveral or beyond, standing stock
can be estimated in several ways to obtain a range of values that might be considered
conservative or liberal. We are providing estimates based on an expansion of in situ crab
densities from a relatively small geographic and bathymetric area to develop our first estimate.
A second approach is based on trap catches and effective fishing area (EFA) within the most
productive areas surveyed in 1985-86.

In the first estimate, the surface area of ocean bottom of golden crab (Chaceon fenneri)
distribution was estimated from a NOAA, National Ocean Survey series of detailed bathymetric
maps (transverse mercator projections) with depths contoured at 50 m intervals. Using each of
the map sheets necessary between Cape Canaveral (28°30°N) and Cape Fear (34°00°N), the
depth contours for 350 m and 550 m were located and visually approximated as straight lines (1
cm = 2.5 km). These depth contours were chosen because they contain most of the trapping
effort, greatest catches of golden crab, and visual observations from a submersible. Flat surface
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area from the chart was calculated for the resulting triangular and trapezoidal figures
representing areas between the 350-550 m depths. Areas (km?) were summed throughout the
region. Using this method, a total bottom area estimated from flat map surface was

19,517.7 km?.

From submersible observations, a density of 1.9 crabs/ha (190 crabs/km? averaged over
several habitat types) was found by Wenner and Barans (1990) for depths of 300-600 m.
Expanding to the area from Cape Canaveral-Cape Fear, an estimated number of 3.7 million crabs
is obtained. This estimate is dependent on the assumption that unbiased visual observations of
crabs were made from a submersible and that these density estimates are applicable to the entire
area under consideration.

Based on a seX ratio of 29M:1F (3039 males, 135 females from traps; Wenner et al. 1987)
for depths of 300-600 m, the standing stock of males is 3,541,124 and that of females 166,876.
Assuming an average weight of 927 g (2.04 Ibs) per male crab in depths of 274-549 m (Wenner
et al. 1987), the total biomass of males is 7,223,893 lbs.

Using Gulland’s formula, MSY = 0.5 M Bo, where MSY is maximum sustainable yield in
kg, M is the instantancous rate of natural mortality based on a range of values determined for C.
maritae (Melville-Smith In press), and Bo is the estimated total biomass of males, the following
estimates of MSY from the first method are derived:

M By (in millions) MSY (millions of 1bs.)
0.05 7.2 0.18
0.10 7.2 0.36
0.15 7.2 0.54

In the second population estimate, EFA of traps (3625m?) was calculated using the
observed crab density in some of the more productive habitats from first year submersible work
0.8 crabs/1000 m?) in conjunction with mean crab catch (2.9 crabs/trap, from 274-549 m)
collected concurrently in the same areas. This assumes that EFA is the same for all geographic
and depth areas where it has been applied.

The linear distance from due east of Charleston, SC to Cape Canaveral, FL along the 150
fathom (275 m) contour is 518.6 km and the average width of each 50 fathom stratum in the area
where our sampling occurred was 3.7 km. An assumption that this is the average width of these
depth strata for more productive areas throughout the region was made.

Depths 274 - 366 m: Area = 518.6kmx3.7km = 1918.8 km?.
Depths 367 - 457 m: Area = 518.6kmx74km = 3837.6 km?.

Total golden crabs taken in year 1 & 2 for each depth zone were divided by total number
of traps set t0 yield the following:

274 - 366 m: 162 crabs in 59 traps = 2.7 crabs/trap.
367 - 549 m: 4147 crabs in 446 traps = 9.3 crabs/trap.
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For depths 274-366, a density estimate and standing stock estimate was obtained as
follows:

2.7 crabs/trap = = 744.8 crabs/km?.
1003625 km?/trap
744.8 crabs/km? x 1918.8 km? - 1,429,122 crabs

1,366,241 male crabs

1,429,122 crabs x 0.956(% males)
By of 1,266,505 kg or 2,786,311 Ibs.

1,366,241 x 0.927 kg/crab

M By Ibs. MSY Ibs.
0.05 2,786,311 69,658
0.10 2,786,311 139,316
0.15 2,786,311 208,973

For depths of 367-549 m, a density estimate and standing stock estimate was obtained as
follows:

9.3 crabs/trap = 2565.5 crabs/km?.
.003625 km?/trap
2565.5 crabs/km? x 3837.6 km? 9,845,363 crabs

9,412,167 male crabs

9,845,363 crabs x 0.956 (% males)
By of 8,725,079 kg or 19,195,174 lbs.

9,412,167 x 0.927 kg/crab

M By Ibs. MSY Ibs.
0.05 19,195,174 479,879
0.10 - 19,195,174 959,759
0.15 19,195,174 1,439,638

Total MSY estimates for Method 2:

M 274-366 m 367-549 m Total Ibs.
0.05 69,658 479,879 549,537
0.10 139,316 959,759 1,099,075
0.15 208,973 1,439,638 1,648,611

In addition to the population estimates presented here, substantial areas on the Blake
Plateau may support significant numbers of crabs although a very limited number of trap sets in
these areas indicates that the density is lower than in the shallower strata. In the 400-500 fathom
area between 30 and 31°N, 87 traps caught 63 crabs; a mean of 0.7 crabs/trap. Additionally, in

these sets males made up only about 40% of the catch.
Golden crabs also occur in the 100-150 fathom stratum and may be abundant in certain

areas or at certain times. Drew Kendall of GAMAREX has reported good catch rates in these
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depths during some of their survey efforts.” This data should be examined to determine if it can
be utilized to expand the population estimates to these depths.

We hope that you will find this information useful in management proposals for golden
crab. Differences in estimates of MSY between methods reflect choices of crab densities and
habitat area variables for calculations. Should you need any clarification or additional
information about these estimates, please give us a call.”

Table 2. Summary of MSY estimates.

Preliminary Estimate MSY = 170,000 to 1,366,800 pounds

SCDNR Method #1* MSY = 180,000 to 540,000 pounds

SCDNR Method #2* MSY = 550,000 to 1,650,000 pounds
*For the area Cape Hatteras, NC to Cape Canaveral, FL only.

The Council’s Scientific and Statistical Committee reviewed the preliminary estimate and
the two SC DNR estimates of MSY and were requested to address the following questions
(Memorandum to SSC from Gregg Waugh dated 10/12/95):

1. What is the best available estimate of MSY for the Cape Canaveral, Florida to Cape Fear,
North Carolina area?

2. What is the best available estimate of MSY for the Cape Canaveral, Florida arca south?
This is the area where virtually 100% of the 600,000 pounds caught thus far in 1995 have
originated.

3. What are your recommendations about including a numerical estimate of MSY in the
document at this time? What about a numerical estimate for the Cape Canaveral to Cape Fear
area only and no numerical estimate for the entire fishery?

The SSC discussed the MSY methodology, the source of the distribution and abundance
data, the need for adaptive management, and the concern that golden crabs could be easily
overfished. There was concern expressed that there was not sufficient data to calculate MSY.
SSC members stated that they are not speaking negatively of the information collected and
cornplimented the researchers on their work; however, members concluded there was insufficient
information upon which to calculate MSY at this time. The following motions was approved:
«“The SSC recommends that the Council not present current estimates of MSY in the document
because we question the scientific soundness of these estimates.” Their intent is that data be
collected and an estimate of MSY be calculated as soon as sufficient information becomes
available.

The Council’s Golden Crab Advisory Panel reviewed the information concerning MSY
and concluded there was not sufficient information available to estimate MSY at this time.

The NMFS SEFSC reviewed the preliminary estimate of MSY contained in the
September 1995 public hearing document and concluded: “It should be emphasized that this
MSY is a very rough estimate which needs to be monitored and modified as more information on
the fishery becomes available.” “MSY estimates on pages 40-41 (Note: referring to the
September 1995 draft FMP document) are based on published data from the Gulf of Mexico and
range from 0.17 to 1.37 million pounds depending upon the assumed sex ratio, comparative
stock sizes, and assumed mortality rates. There is no scientific basis for the choice of ‘best point
estimate of 1.4 million pounds,” (also see page 90, Option 4) (Note: referring to the September
1995 document). There is no explanation as to how this choice was arrived at. SCMRRI
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scientists are evaluating their research data in an attempt to provide By and MSY estimates for a
large portion of the U.S. South Atlantic area. Upon review of their data and the process for data
expansion by Council staff, SSC, SEFSC, etc. those values may replace the estimate in Table 2,
page 41 (Note: referring to the September 1995 document). It is encouraged that population
estimates for the Atlantic coast area be used in the MSY calculations. Please note that sex ratios
for the South Atlantic collections were quite high for males, 15:1, p.33) (Note: referring to the
September 1995 document).”

The South Atlantic Council reviewed the MSY estimates, the methodology, review
comments by the NMFS SEFSC, SSC, and Golden Crab AP and concluded, based upon the best
available information, not to specify a total MSY for the golden crab resource within the
Council’s area of jurisdiction. The Council did however conclude there is sufficient information
to use in making a very preliminary estimate of potential yield for the area Cape Canaveral,
Florida through Cape Fear, North Carolina. The real shortcoming of the available data is the
lack of any estimate for the area south of Cape Canaveral, Florida where the majority of the
fishery takes place. T herefore, no estimate of MSY is specified at this time. The data collection
measures specified in the management plan will generate data useful for calculating MSY. In
fact, the Council requested, and NMFS has implemented, a voluntary logbook program
beginning in November 1995 to start the data collection process. As soon as sufficient
information becomes available to calculate MSY, the framework procedure will be used to
incorporate the MSY figures into the management plan.

3.1.10 Probable Future Condition

Golden crabs are a long-lived, slow growing, deep water (cold environment) species.
Their reproductive biology is likely to result in periodic recruitment and their abundance in the
South Atlantic Council’s area is unknown. These life history characteristics suggest
conservative management to prevent overfishing.

The rapid development already exhibited by this fishery is expected to accelerate in the
immediate future. Southeastern fishermen continue to seek diversification opportunities to
alleviate problems experienced in fisheries for traditional species, such as user group conflicts,
declining resources and over-capitalization. The net ban in the State of Florida, extensive
closures in New England, and large reductions in crab fisheries in the northwest could result in
significant influxes of effort into the golden crab fishery. The number of vessels thought to be
actively fishing increased from two vessels in January 1995 to about 37 vessels fishing as of
August 1, 1995. However, data from the State of Florida and discussions with fishermen,
indicate up to 80 individuals have documented landings as of April 7, 1995. An additional 33
individuals would qualify by September 1, 1995 based on data from Florida and discussions with
fishermen. -

Without management the golden crab resource will become rapidly overfished. This is
not a species that can withstand the high fishing mortality from a fleet as large as is likely to

enter the fishery.”
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The following is taken directly from Appendix F (Harper and Scott, 1998):
“Preliminary Production Model Analysis

Catch and estimated offort data for the period 1986-present were fit with a non-
equilibrium production model (Prager 1993) to estimate stock status relative to MSY levels.
Golden crab quarterly catch in pounds for the South Atlantic region were obtained from the
Accumulated Landings System for the period 1986 through October 1996. After October 1996,
golden crab catch was derived from the Golden Crab Trip Report Logbook. Quarterly effort
levels were estimated by dividing quarterly catch by observed CPUE (lbs per trap haul). CPUE
data for 1986 were available in Erdman (1990). CPUE for the most recent period (1996-1998)
were from the Golden Crab logbook reports described earlier. The production model was fit to
both quarterly and annual data. However, only 3 paired annual observations of catch and effort
were available, making the annual model fit of questionable value. Results of the annual and
quarterly model fits depended on assumptions made about the initial biomass level. Quarterly
catch and estimated effort data are provided In Table 4. For this preliminary analysis, the fishing
year was defined to begin in February; thus, the first quarter of the fishing year ended in April
and the last quarter ended in January. For this analysis, a total of 49 quarters of catch (February
1986 - April 1998) and 14 quarters of effort were available.

The data were first fit assuming that stock biomass was at model carrying capacity
(K=2Bmsy) in January 1986. A total of 501 bootstrap fits of the model to the 14 paired catch
and effort observations (Table 4) were used to estimate uncertainty in the model parameters of
interest. As the model was fit to quarterly data, estimates of annual parameters, such as MSY,
can be obtained by multiplying the parameters of concern by 4. From this model, current
biomass is estimated to be at about that level which could produce MSY and the median estimate
of annual MSY is on the order of 847,000 lbs per year (approximate 80% CI, ~650,000 - 920,000
Ibs per year). The results of this fit are shown in Table 5. Recent (quarterly) fishing mortality
rates were estimated to range from about 0.5 to 2 times that needed to achieve quarterly MSY.
The estimated time-trajectory of relative (quarterly) biomass and relative (quarterly) fishing
mortality rate are shown in Figure 3.

An alternative model was fit to the data in which initial biomass was not fixed at K, but
estimated. As above, a total of 501 bootstrap fits of this model to the 14 paired catch and effort
observations (Table 4) were used to characterize the uncertainty in parameter estimates. From
this model, initial biomass (January 1986) was estimated to be more than twice carrying
capacity, current biomass was estimated to be about 50% above that level which could produce
MSY and recent fishing mortality rates ranged from about 0.25 to about 1.0 Fmsy. From this
model, the estimate of annual MSY is less precisely estimated although the median estimate is on
the order of 1,070,000 lbs per year). The results of this fit are shown in Table 6. The estimated
time-trajectory of relative (quarterly) biomass and relative (quarterly) fishing mortality rate are

shown in Figure 6.”
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3.0 FISHERY EVALUATION
3.1  Economic Status of The Fishery

This section describes economic aspects of the commercial fishery for golden crab in the
South Atlantic region. The Golden Crab Fishery Management Plan went into effect beginning on
August 27, 1996 and established three golden crab fishing zones. The northern zone is defined as
the EEZ north of 28 degrees N. latitude. The Middle Zone is contained within the EEZ between
25 degrees North and 28 degrees North latitude. The Southern zone extends South from 25
degrees North latitude within the South Atlantic Council’s EEZ. Federal permits are issued for a
specific zone and fishing is allowed only in that zone for which the permit is issued.

In the South Atlantic region 35 vessels were granted permits to operate in this fishery: 27 .
permits were issued for the southern zone; 6 permits were issued for the middle zone; and 2
permits were granted to vessels for the northern zone. Other management regulations imposed by
the golden crab FMP include: dealer and vessel permitting and reporting; limitations on the size
of vessels; prescribing allowable gear (including escape gaps and escape panels); and prohibiting
possession of female crabs (see the FMP for a complete list of measures).

The Golden Crab Log book data are summarized in Table 1. The number of trap hauls
reported for the 434 reported trips were 49,301, and the average number of trap hauls per month
was 1,216 in the middle zone and 860 in the Southern zone. There is some evidence that golden
crab catch per unit effort (CPUE) measured as pounds per trap haul varies by season with peak
CPUE during the period December to May (Appendix F).

Table 1: Number of Trips, and Landings of Golden Crab in the South Atlantic

Region (Appendix F).
Time Period ~Zone Number of Total Average
Trips Landings |monthly Catch
November 1995 - |Middle Zone 330 1,390,000 46,315
April 1998
ebruary 1997 - |Southern Zone 104 395,275 28,234
March 1998

Monthly golden crab landings show a cyclical pattern with the greatest landings between
March and July (Figure 1) when the Keys’ lobster fishermen enter the fishery. During the period
June 1996 to May 1997 the total landings amounted to 897,000 at a total ex-vessel value of
$781,000. These landings were down 46% from the previous year’s harvest (June 1996 to May
1996).

Of the 35 vessels that were issued permits only about 11 have fished for golden crabs
since qualifying (Appendix G). In 1997, Antozzi (1997) reported that only five or six vessels
were dedicated to harvesting this species full time. One vessel docked in St. Petersburg, one in
Ft. Lauderdale, two in Marathon Key, and one or two in the lower Keys. Seasonally about a
dozen vessels fish for golden crab during the closed lobster season, March to July.

An update for 1998 indicated that only 1 vessel was operating in this fishery full time,
and there was no production in the Gulf of Mexico. In addition, the expected boost in landings
that occurred in previous summers was not observed during the summer of 1998. This is due to
the fact that spiny lobster fishermen who participate in this fishery from March to July chose to
pursue other fisheries or did not fish during this season.

An important issue may be ex-vessel prices which is an important determinant of entry
and exit behavior in any fishery. For golden crab, ex-vessel price declined from $0.90 and $1.04
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per pound in 1995 to $0.83 in 1997. This decline in 1997 is particularly noticeable considering
that harvest was at higher levels in 1995 (Figure 1). Dockside prices reported in early 1998 were
between 75 and 80 cents per pound. This price decrease is likely due to the increased supply of
other large crabs, especially snow crab.

This product is viewed in the marketplace as a substitute for snow crab clusters. Most of
the product 18 processed into clusters, which is not as favored as other large crab species such as
snow crabs. The golden crab market is strongly influenced by the wholesale market for snow
crabs (Antozzi, 1998). A large proportion of the Alaskan catch of snow crab goes to Japan and
the drop in the yen reduced the export demand for this product. The excess supply entered the
domestic market and lowered snow crab prices, which may be partly responsible for depressed
golden crab prices. The increase in production from Russia and Canada also magnified this
problem. ’

Antozzi (1997) concluded that the market for golden crab is inhibited from expanding
due to a supply constraint. He attributes this lack of production to the difficulty and cost of
operating In this fishery, which requires 2 sizable investment in specialized gear including on-
board holding facilities that keep crabs alive. This fishery takes place in deep water and this can
result in lengthy trips under adverse sea conditions. Some industry members have stated that
vessels larger than 50 feet are needed to cope with rough sea conditions offshore and to provide
the stability needed for trap deployment and retrieval.

The future outlook for this market will be strongly influenced by the market supply of
other large crabs, and the health of export markets. The outlook on this market would improve if
this product could be viewed as more than just a substitute for snow crabs. Steady production
and other product forms such as picked meat were suggested as ways 10 overcome this problem.

However, Antozzi (1998) was of the opinion that this fall off in price may not reverse unless the
Japanese economy improves.
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3.2 Social Evaluation - South Atlantic Fishing Communities as Defined in the
Sustainable Fisheries Act Amendment (SAFMC, 1998a)
“4,3,3 Fishing Communities - Identify and define fishing communities

Identifying fishing communities provides a basis for analyzing impacts of management
measures on fishing communities rather than on a fishery-wide basis. This would be more
relevant in situations where impacts are differential because of the location, level of activity and
dependency on fishing, availability of alternative job opportunities, etc. in different fishing
communities. This measure would allow fishery managers to obtain information on the impacts
of future management measures on different fishing communities. It could make for the
formulation of management measures that would minimize impacts on fishing communities that
have less opportunities to adapt to changes imposed by the measures.

Identification and definition of fishing communities would normally have a positive
impact, except that, for the South Atlantic, there are no data collected on fishing communities.
National Standard 8 imposes requirements on the council and the fishery management regulatory
process that cannot be satisfied given existing data. Current data available do not allow for a
meaningful definition of fishing community, moreover, do not provide a measure of dependence
upon fishing and will not contribute to useful impact analysis.

At its March meeting, the Gulf of Mexico Fishery Management Council’s Socio-
economic Panel recommended that further research be initiated and funded by National Marine
Fisheries Service as soon as possible to aid in the identification and definition of fishing
communities in the Southeast. The panel also recommended the scope of this problem be
addressed at a national level, such that impacts upon fishing communities can be analyzed across
regions as well as within. A key area for expanded research is ethnographic and survey research
to identify, not only communities, but those who provide supporting services to the economy and
culture of fishing communities. Especially important in the Southeast is the need to provide a
realistic portrayal of recreational fishing, diving, and eco-tourism and their importance to a
fishing community.

The Council concluded incorporating all available information at this time will meet the
mandates of the recent Magnuson-Stevens Act amendments relative to fishing communities.

With the addition of National Standard 8, FMPs must now identify and consider the
impacts upon fishing communities to assure their sustainable participation and minimize adverse
economic impacts [MSFCMA section 301 (a) (8)].

The proposed guidelines for this new standard state: “... fishing communities are
considered geographic areas encompassing a specific locale where residents are dependent on
fishery resources or are engaged in the harvesting or processing of those resources. The
geographic area is not necessarily limited to the boundaries of a particular city or town. No
minimum size for a community is specified, and the degree to which the community is
‘substantially engaged in’ or ‘substantially dependent on’ the fishery resources must be defined
within the context of the geographical area of the FMP. Those residents in the area engaged in
the fisheries include not only those actively working in the harvesting or processing sectors, but
also *fishery-support services or industries,” such as boat yards, ice suppliers, or tackle shops,
and other fishery-dependent industries, such as ecotourism, marine education, and recreational
diving.” [Federal Register Volume 62, Number 149 (August 4, 1997)]

“The term ‘sustained participation’ does not mandate maintenance of any particular
level or distribution of participation in one or more fisheries or fishing activities. Changes are
inevitable in fisheries, whether they relate to species targeted, gear utilized, or the mix of
seasonal fisheries during the year. This standard implies the maintenance of continued access to
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fishery resources in general by the community. As a result, national standard 8 does not ensure

that fishermen would be able to continue to use a particular gear type, 10 target a particular

species, or 10 fish during a particular time of the year.” [Federal Register Volume 62, Number
149 (August 4, 1997)]

“The term fishing community’ means a community that is substantially dependent on or
substantially engaged in the harvest or processing of. fishery resources 1o meet social and
economic needs, and includes fishing vessel owners, operators, and crew, and fish processors
that are based in such communities. A fishing community is a social or economic group whose
members reside in a specific location and share a common dependency on commercial,
recreational, or subsistence fishing or on directly related ﬁsheries-dependent services and
industries (for example, boatyards, ice suppliers, tackle shops).” [Federal Register Volume 62,
Number 149 (August 4,1997)]

In order to determine a community’s “substantial dependence” or “sustained
participation” on fishing, those communities must first be identified. Presently, the NMFS has
not identified fishing communities, nor their dependence upon fishing in the South Atlantic.
Moreover, there are no ongoing data collection programs t0 gather the necessary information that
would allow for the identification of fishing communities in the South Atlantic or other regions.
Also, there are no future plans to implement any such data collection program that would
determine dependence upon fishing in order to provide the Councils with important information
necessary for social and economic impact analysis of fishing communities. This leaves the
councils with existing data collected through other agencies, not always specific to fisheries
management, 1.€., Census data, regional economic census, and previous research on specific
fisheries. Although this data can be useful, it is often not specific enough to identify or provide a
clear representation of a community and its dependence upon fishing. One reason for this
difficulty is that fishermen in a specific fishery often do not reside within one particular
municipality that can easily be identified as a fishing community or on¢ that is substantially
dependent upon fishing. Also, that information is often not provided at the municipality level,
but more often at the county level.

Commercial fishermen may have a domicile (home) in one community and dock their
boat in another. They may sell their fish in either place or an entirely different location.
Recreational fishermen often do not live on the coast, but drive from inland counties and may
jaunch their boats or fish from several different sites. For these reasons, identifying a “fishing
community” becomes problematic in that such a community does not fit the normal geographic
boundaries or fall within the metes and bounds that would surround a normal incorporated
municipality.

The impacts of fisheries management may be minimal in a single community, but, when
taken overall may be substantial to an entire county or several county area. Those same
measures may have a small impact on a large metropolitan area, but, to 2 neighborhood where
most fishing families live or most fishing activity originates it could be substantial. Therefore, a
“fishing community” may encompass a single municipality, a county, several counties or one
neighborhood within a major metropolitan area depending upon a variety of demographic, social,
economic and ecological factors that one must consider.

One important circumstance to consider when assessing the impacts upon fishing
communities is the difference between rural and urban areas, as many fishing communities exist
in rural areas on the Southeast coast. There are several ways in which rural areas differ from the
more urban or metropolitan as illustrated in Understanding Rural America (ERS-USDA, 1993).
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Rural areas have consistently lagged behind urban areas with respect to real earnings per job and
education levels. Rural areas have also sten a rise in subgroups who are prone to economic
disadvantage--families headed by single mothers and minorities. However, these differences
vary across the country and are influenced by several factors, one of which is the availability of
natural resources. In order to explain and examine some of these differences, counties within the
U.S. have been classified as either metropolitan or non-metropolitan. A further subdivision of
non-metro counties provides a more clear understanding into each subtype’s dependence upon
certain economic specialization and the importance of those differences to the residents of those
counties (ERS-USDA, 1993). The following classification system may also suggest a possible
method for defining an area’s dependence upon fishing using the appropriate criteria.

Six types of non-metro counties have been classified, three of which are based upon
economic specialization - farming, manufacturing and services. The other three county
classifications are based upon their relevance to policy -- retirement-destination; Federal lands;
and persistent poverty. Using earned income as a measure of dependence, the classification for
counties based upon economic specialization is as follows:

Farming counties - 20% or more earned income from farming
Manufacturing - 30% or more earned income from manufacturing
Services - 50% or more earned income from services industries

Those counties whose classification is based upon economic specialization are mutually
exclusive; the other three classification types are not mutually exclusive (ERS-USDA, 1993).

This type of classification system, based upon a percentage of earned income or other
measure, might be used to determine a community, county or region’s dependence upon fishing.
However, like farming counties, those dependent upon fishing have likely seen a decline in the
dependence upon fishing over time. This is probably due to significant increases in the
population of coastal areas since the 1970°s. Much of the population growth has been in the
form of immigration of people 60 and older who seek coastal areas for retirement destinations.
The increase in this population sector, in turn, brings a greater dependence upon service
industries. Choosing such a measure of dependence is not possible at this time and would have
to be developed through further analysis and/or research.

Griffith and Dyer developed a typology of fishing community dependence for the
Northeast Multi-species Groundfish Fishery (MGF) (Aguirre, 1996). In that typology, they
identified critical indicators of dependence which included specific physical-cultural and general
social-geographic indicators, i.e., number of repair/supply facilities; number of fish
dealers/processors; presence of religious art/architecture dedicated to fishing; presence of secular
art/architecture dedcicated to fishing; number of MGF permits; and number of MGF vessels.
Using previous results and supplemental research of their own, they were able to develop a
fishery dependence index score for the five primary ports in the MGF.

From their research Griffith and Dyer were able to document five variables which best

predicted dependence upon the MGF:

1. Relative isolation or integration of fishers into alternative economic sectors, including
political participation. To what extent have the fleets involved in the MGF enclaved
themselves from other parts of the local political economy or other fisheries? How much
have the MGF fleets become, similar to an ethnic enclave, closed communities?
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2. Vessel types within the port's fishery. Is there a predominance of large vessels or small
vessels, or a mix of small, medium, and large?

3. Degree of specialization. To what extent do fishers move among different fisheries?
Clearly, those fishers who would have difficulty moving into alternative fisheries or
modifying their vessels with alternative gears are more dependent on the MGF than those
who have histories of moving among several fisheries in an opportunistic fashion.

4. Percentage of population involved in fishery or fishery-related industries. Those
communities where between five and ten percent of the population are directly employed
in MGF fishing or fishing-related industries are more dependent on the MGF than those-
where fewer than five percent are so employed.

5. Competition and conflict within the port, between different components of the MGF.
Extensive competition and conflict between fishers within the same port--as well as
between different actors in the MGF, such as boat owners and captains--seem to be
associated with intensive fishing effort and consequent high levels of dependence on the
MGF. In this case, dependence may have a strong perceptual dimension, with fishers
perceiving the resources they are harvesting to be scarce and that one fleet's gain is
another fleet's loss.

It is important to understand that these factors are appropriate for the MGF and are not
necessarily the best predictors for all fishing communities. Fisheries in the Southeast will differ
markedly from those in other regions of the country, especially with regard to their integration
into other economies and notably the tourist economy. Recreational fishing is an integral part of
the tourism and service economy that has developed for coastal communities in the South
Atlantic. For these communities, dependence upon fishing will undoubtedly be tied to
commercial and recreational fishing and their associated businesses. Therefore, it is important
for fishery dependence models to be developed specifically for the South Atlantic.

Griffith and Dyer (Aguirre 1996) also discuss their description of fishing communities as
it relates to the term Natural Resource Community (NRC). Dyer et. al definea NRC as "a
population of individuals living within a bounded area whose primary cultural existence is based
upon the utilization of renewable natural resources" (1992:106). Natural Resource Communities
possess an elementary connection between biological cycles within the physical environment and
socio-economic interactions within the community. An adaptation to working on the water by
fishermen has important implications for the community as a whole because of the necessary
support activities that take place on land, i.e., net hanging & mending; fish handling &
preparation; boat building & repair. This important tie to the physical environment not only
dictates occupational participation, but structures community interaction and defines social
values for those living in Natural Resource Communities. While fishing communities in the
MGF are not bounded or set apart from the larger community in which they reside, they still
manifest certain recognizable features that would classify them as NRCs (Aguirre 1996).

Fishing communities in the South Atlantic will also show signs of being integrated into the larger
economy, but may still maintain certain vestiges of an NRC. Fishermen in the South Atlantic,
like those in the Northeast MGF, will not likely see their ecological systems being closed, but
affected by a host of other forces, both globally and locally. Far more detailed research will need
to be conducted among South Atlantic fishing communities to determine changes in integration
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of the larger economy. One of the most likely changes will be an increasing dependence upon
the service sectors as recreational fishing and other recreational activities play an increasing role
in the economies of coastal communities. While there will continue to be a connection between
the social and physical environments, the nature of that interaction will undoubtedly change.

At this time there is insufficient data to completely identify and define fishing
communities in the South Atlantic. The following description of fishing communities provides
information to explore ways of defining fishing communities that range from geographical
regions to a well bounded municipality. With varied levels of research or data available for each
state, descriptions of fishing communities will depend upon the amount of data available and the
specific nature and timeliness of that data. In some cases, it may be possible to find a
municipality that will clearly fit a definition of fishing community and meet a criterion for
- dependence upon fishing. In others, it may be a series of communities or counties designated a
“fishing community” or possibly a particular sector of a large metropolitan area.

Readily available data will be discussed to allow for public input on the best way to
identify fishing communities and determine their dependence upon fishing. Following the
discussion of fishing communities in the South Atlantic a discussion of data needs and format
will provide possible directions for data collection and analysis. The Council welcomes
comments on all aspects of incorporating this new national standard, in order to devise a
classification system which will assist in assessing the impacts of fishery management upon
fishing communities.

4.3.3.1.1 South Atlantic Fishing Communities

According to NMFS, South Atlantic commercial fishermen have harvested well over
250,000 pounds of seafood in each of the years 1995 and 1996 (Table 1). Those landings have
represented over $200,000,000 in harvest value. The value of those landings can become even
greater once it diffuses throughout South Atlantic fishing communities as it provides
employment and other benefits to other sectors within each community’s economic base.

Table 1. U.S. Domestic Commercial Fishing Landings by Region, 1995 and 1996.
Source Fisheries of the United States, 1996

1995 1996

Thousand Thousand Thousand Thousand
Region pounds dollars pounds dollars
New England 592,665 580,957 641,821 564,169
Middle Atlantic 240,413 179,747 241,936 181,869
Chesapeake 845,632 174,229 728,830 158,736
South Atlantic 277,035 238,112 268,990 209,407
Gulf of Mexico 1,464,718 724,619 1,496,875 680,304

Commercial seafood landings also represent other forms of expenditure which have an
impact upon fishing communities, such as: fuel, gear, groceries, etc. Support industries like, gas
stations, tackle shops, grocery stores all have an investment in the harvesting capability of the
local fishing fleet.

As with commercial fishing, recreational fishing activity will also contribute to the
economic base of a fishing community as fishermen buy fuel, bait, tackle and food & beverage
for fishing trips. Figure 1 demonstrates an increasing trend in recreational fishing trips for most
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South Atlantic states, but, also substantial variation in the number of trips over time. Such
variation can mean significant economic impacts for those communities that rely upon
recreational fishing.

South Adtlantic fishing communities will depend upon both recreational fishing and
commercial fishing for determining the importance of fishing to their economic base. The
supporting role of associated businesses will also need to be incorporated into any measure of
dependence. Such businesses as: seafood dealers and processors, marinas, gas stations, bait and
tackle shops, dive shops, trucking firms, restaurants and many others, all have some role in
determining dependence upon fishing. Unfortunately, data that is robust and/or specific enough
does not exist to include in such a determination. '
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Figure 1. Estimated Number of Marine Recreational Fishing Trips by State and Year for the
South Atlantic. Source: Personal communication from the National Marine Fisheries Service,
Fisheries Statistics and Economics Division.

To identify fishing communities in the South Atlantic one might begin with the National
Oceanic and Atmospheric Administrations publication Fisheries of the United States (1996).
Among the various statistics listed are commercial landings of major U.S. ports. These ports
could be considered to be substantially dependent upon fishing. Table 2 lists the major ports for
the South Atlantic in 1996 and 1995 for quantity and vatue of landings. Some ports are listed as
individual communities while others are a combination of several communities over a limited
geographical range. This characterization may be useful as we attempt to further delineate
fishing communities in each state. Other sources of information helpful in defining fishing
communities include the United States Census and Bureau of Economic Research, which include
economic information for many areas of the U.S.
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Table 2. Quantity, Value and Rank of Commercial Landings for South Atlantic Ports among
Major U.S. Ports_Source: Fisheries of the United States, 1996.

1995 1995 1995 1995 | 1996 1996 | 1996 1996
Port Quantity* | Rank | Value* Rank | Quantity* | Rank | Value* Rank
Key West 23.4 32 66.7 5 23.7 37 62.8 4
Beaufort-Morehead City, NC 87.0 16 35.0 15 75.4 18 20.3 34
Wanchese-Stumpy Point, NC 39.0 25 25.0 24 43.4 24 24.6 27
Charleston-Mt.Pleasant, SC 11.0 58 19.0 32 --- -- .- - -
Cape Canaveral, FL 10.1 - - 16.9 35 21.2 43 17.7 42
Darien-Bellville, GA --- - - 11.0 50 --- -- --- --
Beaufort, SC --- - - 11.0 51 --- -- --- --
Englehard-Swanquarter, NC 11.0 58 --- -- 15.0 50 .-- --
Oriental-Vandemere, NC 9.0 -- 10.0 -- 14.0 53 13.3 50
Belthaven-Washington, NC --- -- 6.0 -- --- - - 11.5 58

*Value and quantity are in millions of dollars and pounds respectively.

4.3.3.1.2 North Carolina
The 1990 Census of Population and Housing provides the following information for

North Carolina regarding individuals who reported their occupation as fisher in Table 3. This
data will likely include those individuals who commercially fish fresh water areas and others
who are not impacted by fisheries management of marine fisheries at the council level. This
information does provide data for comparison and could help set parameters for a measure of
dependency upon fishing. It is not recommended that these figures be used to determine
dependency upon fishing, however. The 1990 Census classifies year-round full-time workers as
all persons 16 years old and over who usually worked 35 hours or more per week for 50 to 52

weeks in 1989.
Table 3. Number of Fishers and Mean Annual Income for North Carolina in 1990. Source: U.S.

Bureau of the Census.

Year Round/Full Time - Other Total
Number of fishers
Male 989 1,271 2,260
Female 47 105 152
Total 1,036 1,376 2,412
Mean Annual Income ($)
Male 16,315 13,069 14,489
Female 11,518 4,489 6,662
Total 16,097 12,414 13,996

The 1990 Census also provides the following information for North Carolina regarding

individuals who reported their oc
interesting to note that there were no

cupation as captain of a fishing vessel in Table 4. It is
fernales listed as captain of fishing vessels. This concurs

with the much of the research on the occupation of fishing which finds very few women in this

role. Although women often play an

the position of captain of fishing vessels.
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fficers and Mean Annual

Year Round/Full Time Other Total
Number of Captains
Male 102 141 243
Female 0 0 0
Total 102 141 243
Mean Annual Income (%)
Male 26,917 33,640 30,818
Female 0 0 0
Total 26,917 33,640 30,818
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3.0 Fishery Evaluation

Area 5: Carteret County
Area 6: Inland Counties.

Area 1: Albermarle Area

The Albermarle area includes the following counties: Currituck, Camden, Pasquotank,
Perquimans, Chowan, Bertie, Washington and Tyrell. Johnson and Orbach (1997) found that
commercial fishermen in this area had two primary gear types, pots and gill nets. They also
concluded that fishermen here move in and out of gill netting on an annual basis.

Table 5. Population and Economic Information for Counties included in Area 1. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce.

Area 1-County 1993 1994 1995
Bertie Population 20,631 20,665 20,745
Personal Income (Thousands of $) 291,226 303,292 328,227
Per Capita Pers Income (§) 14,116 14,677 15,822
Personal Income Fishing (Thousands of $) 71 75 84
Camden Population 6,211 6,370 6,399
Personal Income (Thousands of §) 92,875 100,012 105,636
Per Capita Pers Income ($) 14,953 15,700 16,508
Personal Income Fishing (Thousands of §) 0 0 0
Chowan Population 13,815 13,909 13,958
Personal Income (Thousands of $) 226,563 234,453 247,428
Per Capita Pers Income ($) 16,400 16,856 17,727
Personal Income Fishing (Thousands of §) 128 134 151
Currituck Population 15,215 15,831 16,285
Personal Income (Thousands of $) 251,885 269,871 291,055
Per Capita Pers Income (§) 16,555 17,047 17,873
Personal Income Fishing (Thousands of §) 358 376 423
Pasquotank Population 33,220 33,488 33,759
Personal Income (Thousands of $) 510,623 534,860 574,433
Per Capita Pers Income ($) 15,371 15,972 17,016
Personal Income Fishing (Thousands of §) ---- ---- .-
Perquimans Population 10,644 10,692 10,737
Personal Income (Thousands of $) 148,365 162,627 160,912
Per Capita Pers Income ($) 13,939 15,210 14,987
Personal Income Fishing (Thousands of $) .- 0 .-
Tyrell Population 3,918 3.875 3,846
Personal Income (Thousands of $). 56,056 58,138 52,738
Per Capita Pers Income ($) 14,307 15,003 13,712
Personal Income Fishing (Thousands of $) 476 500 562
Washington Population 14,136 14,276 14,138
Personal Income (Thousands of §) 220,429 229,038 238,124
Per Capita Pers Income (§) 15,593 16,044 16,843
Personal Income Fishing (Thousands of $) 225 236 266

Using multidimensional scaling,

Johnson and Orbach were able to examine the spatial

relationship of various types of fishing in each area. For Area 1, crab potting was the most
central fishery. In other words most fishermen in the area do some crab potting. Referring to
cliques, they found that for this area fishermen who peeler pot, eel pot, crab pot and gill net
flounder differ from those that long haul. Fishermen that long haul will crab pot and gill net
flounder but do not engage in peeler pots or eel pots.
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In examining the categories which would include fishermen for Area 1 (Table 6) there

seems to be no trend regarding either
Fishing, Mining Industries. There are both increases and decreases in th
each categories from 1970 to

Table 6. Number within Farm/Fish/Forest QOccu
for North Carolina Coastal Counties

Source: MARFIN Sociodemographic Database

those in Farm/Fish/Forest occupations or the Agriculture,

e number of those within

included in

1990 which varies by county.

pation and Agriculture, Fishing‘, Mining Industry

Area 1 for 1970, 1980, and 1990 Census.

County Occupation/Industry 1970 1980 1990
Bertie County Farm/Fish/Forest 923 1035 839
Agri.,Fishing,Mining 1050 1038 884
Camden County Farm/Fish/Forest 203 220 114
Agri. Fishing Mining 220 181 137
Chatham County Farm/Fish/Forest 740 904 832
Agri. Fishing,Mining 927 934 1286
Currituck County Farm/Fish/Forest 194 247 316
Agri. Fishing,Mining 215 296 309
Pasquotank County Farm/Fish/Forest 444 491 469
Agri. Fishing,Mining 552 478 508
Perquimans County Farm/Fish/Forest 417 513 299
Agri.,Fishing,Mining 445 524 316
Tyrrell County Farm/Fish/Forest 197 249 208 -
Agri.,Fishing,Mining 225 273 233
Washington County Farm/Fish/Forest 408 511 551
Agri. Fishing,Mining 462 557 526

Area 2 : Dare County

Within Dare county the following communities have been described through recent
research of the snapper grouper fishery and might be considered fishing communities: Manns
Harbor, Manteo, Wanchese, Hatteras, Stumpy Point (Iverson 1997).J ohnson and Orbach (1997)
found that commercial fishermen in this area had two primary gear types, pots and gill nets. In
their analysis of fishery networks for Area 2 they again found crab pots to be central. Another
interesting difference revealed was that fishermen who shrimp trawl in this area will gillnet for
sharks but do not engage in crab potting.

Dare County shows a higher personal income from fishing over the three years listed

(Table 7) than most other coastal counties in North Carolina.
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Table 7. Population and Economic Information for Counties included in Area 2. Source:

Bureau of Economic Analysis, U.S. Dept. of Commerce.

Area 2

County 1993 1994 1995

Dare
Population 24,300 25,106 26,074
Personal Income (Thousands of $) 429,564 465,011 502,474
Per Capita Pers Income (§) 17,678 18,522 19,271
Personal Income Fishing (Thousands of §) 5,426 5,688 6,392

Dare County (Table 8) shows a general increase in the number of individuals in the
listed occupations and industries over the twenty years from 1970 to 1990.

Table 8. Number within Farm/Fish/Forest Occupation and Agriculture, Fishing, Mining Industry
for Dare County (Area 2) for 1970, 1980, and 1990 Census. Source: MARFIN
Sociodemographic Database

County Occupation/Industry 1970 1980 1990
Dare County Farm/Fish/Forest 11 376 637

Agri. Fishing,Mining 181 446 655
Snapper Grouper Fishing

Most of the snapper grouper permit holders in Area 2 work out of Hatteras and only a
small portion of their annual commercial fishing activity is devoted to targeting snapper grouper
species. Black sea bass, snowy grouper, and blueline tilefish are the most frequently targeted
species by commercial snapper grouper fishermen from this area. Surface longlining for tuna
and swordfish is apparently the most productive and profitable style of commercial fishing in the
area, and the small towns of Manteo and Wanchese serve as refuge for a large number of both
local and non-local longlining boats (Iverson, 1997).

Area 3: Southern Area
The Southern Area includes the following counties and communities (in parenthesis):

Brunswick (Southport). Pender, New Hanover, Onslow (Sneads Ferry). Johnson and Orbach
(1997) found that commercial fishermen in this area had four primary gear types: hook-and-line,
gill net, hand harvest of shellfish, and trawling. Pot fishing was classified as secondary gear but
they report that increasing usage over time could possibly make it a primary gear. Itis
interesting to note that they also reported that pot fishing showed an increase in all five areas
over time. Area 3 showed much more complexity in annual rounds of fishing than Areas 1 or 2
with shrimp trawling, hand clamming and crab potting all central to the network (Johnson and

Orbach 1997).
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Table 9. Population and Economic Information for Counties included in Area 3. Source:

Bureau of Economic Analysis, U.S. Dept. of Commerce.

Counties included in Area 3 (Table 10.) show a ge
individuals within the selected occupations and industries,

which shows a decline from 1970-1990.

Area 3
County 1993 1994 1995
Brunswick
Population 56,350 58,386 60,697
Personal Income (Thousands of §) 878,453 941,247 1,024,954
Per Capita Pers Income (3 15,589 16,121 16,386
Personal Income Fishing (Thousands of §) 1,595 1,674 1,885
Pender
Population 32,554 33,894 33,759
Personal Income (Thousands of $) 510,623 534,860 574,433
Per Capita Pers Income (%) 15,681 16,341 17,253
Personal Income Fishing (Thousands of $) ---- ---- -
New Hanover
Population 131,091 135,317 139,906
Personal Income (Thousands of §) 2,620,539 2,800,024 3,036,665
Per Capita Pers Income ($) 19,990 20,692 21,705
Personal Income Fishing (Thousands of b)) ---- ---- 693
Onslow
Population 145,638 144,951 144,259
Personal Income (Thousands of $) 1,962,312 2,030,075 2,149.074
Per Capita Pers Income &) 13,474 14,005 14,897
Personal Income Fishing (Thousands of $) 667 700 787

neral increase in numbers of
with the exception of Pender County

Table 10. Number within Farm/Fish/Forest Occupation and Agriculture, Fishing, Mining

Industry for North Carolina Coastal Counties included in Area 3 for 19

Census. Source: MARFIN Sociodemographic Database.

70, 1980, and 1990

County Occupation/lndustry 1970 1980 1990
Brunswick County Farm/Fish/Forest 370 668 1028
Agri. Fishing,Mining 505 645 971
Pender County Farm/Fish/Forest 772 562 627
Agri.,Fishing,Mining 892 669 690
New Hanover County Farm/Fish/Forest 289 550 782
Agri.,Fishing,Mining 564 615 984
Onslow County Farm/Fish/Forest 754 869 996
Agri.,Fishing,Mining 906 800 987
Snapper Grouper Fishing

For Area 3, the small community of Sneads Ferry,
commercial reef fishermen fish with sea bass pots. Accor
the South Atlantic region, there were 58 permit holders wh
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is unique in that the majority of the
ding to the 1993 federal permit list for
o indicated that sea bass pots were

their primary gear type- Of those, 13 permit holders worked out of Sneads Ferry (Iverson, 1997).
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Overall, 72% of fishermen using sea bass pots as their primary gear work out of home ports in

North Carolina.

Area 4: Pamlico Area.

The Pamlico area includes these counties and communities (in parenthesis): Craven,

Pamlico (Vandemere, Oriental), Beaufort (Bellhaven, Washington), Hyde (Ocracoke,

Swangquarter, Englehard). Johnson and Orbach (1997) found that commercial fishermen in this
area had three primary gear types, pots, gill nets, and trawls. In terms of annual fishing rounds
Area 4 is the simplest to understand where two strategies are employed: gill netting and crab
potting or trawling and crab potting. They go on to note that this simple strategy may signify
few choices for fishermen in this area in the case of environmental or regulatory change
(Johnson and Orbach 1997). Possible fishing communities within Area 4 might be: Vandemere

and Oriental.

Table 11. Population and Economic Information for Counties included in Area 4.

Source: Bureau of Economic Analysis, U.S. Dept. of Commerce.

Area 4
County 1993 1994 1995
Craven
Population 83,595 83,851 85,163
Personal Income (Thousands of §) 1,450,296 1,508,353 1,626,657
Per Capita Pers Income (%) 17,349 17,988 19,101
Personal Income Fishing (Thousands of $) 386 405 ----
Pamlico
Population 11,772 11,948 12,064
Personal Income (Thousands of §) 179,384 186,131 199,576
Per Capita Pers Income (8) 15,238 15,578 16,543
Personal Income Fishing (Thousands of $) 2,714 2,851 3,211
Beaufort
Population 43,446 43,815 43,998
Personal Income (Thousands of §) 674,788 711,961 756,048
Per Capita Pers Income (3) 15,532 16,249 17,184
Personal Income Fishing (Thousands of $) 1,339 1,406 1,580
Hyde
Population 5,374 5,339 5,362
Personal Income (Thousands of $) 80,982 90,101 80,300
Per Capita Pers Income ($) 15,069 16,876 14,976
Personal Income Fishing (Thousands of §) 1,860 1,973 2,215

Pamlico county had the highest personal income from fishing for Area 4 from 1993 to
1995 with a steady increase over those three years (Table 11). Hyde county followed with
Beaufort next; both showing an increase over time. For most counties in Area 4 (Table 12) the
general trend seems to be an increase from 1970 to 1980 and then a decrease from 1980 to 1990
within these occupation and industry categories. Beaufort County shows an overall decrease

from 1970-1990.
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Table 12. Number within Farm/Fish/Forest Occupation and Agriculture, Fishing, Mining
Industry for North Carolina Coastal Counties included in Area 4 for 1970, 1980, and 1990

Census. Source: MARFIN Sociodemographic Database

County Occupation/Industry 1970 1980 1990
Craven County Farm/Fish/Forest 873 1136 832
Agri. Fishing,Mining 1129 1222 860
Pamlico County Farm/Fish/Forest 245 498 442
Agri. Fishing,Mining 502 662 477
Beaufort County Farm/Fish/Forest 1452 1393 1024
Agri. Fishing Mining 2169 2123 1190
Hyde County Farm/Fish/Forest 295 509 454
Agri. Fishing Mining 442 579 511

Area 5: Carteret County

In Area 5 Johnson and Orbach (1997) found that commercial fishermen had three
primary gear types, gill nets, trawls and hand harvest of shell fish. In terms of annual fishing
rounds Area 5 did not show the clear gear stratification found in other areas. Shrimp trawling is
the most central fishery, but pound netting, crab potting, and mechanized clamming also occur
with shrimp trawling. (Johnson and Orbach 1997). Possible fishing communities within Area

5. Morehead City and Beaufort.

Table 13. Population and Economic Information for Counties included in Area 5.

Source: Bureau of Economic Analysis, U.S. Dept. of Commerce.

Area 5

County 1993 1994 1995

Carteret
Population 55,747 56,381 57,690
Personal Income (Thousands of §) 935,032 985,484 1,076,753
Per Capita Pers Income ($) 16,773 17,479 18,664
Personal Income Fishing (Thousands of $) 2,783 2,871 3,207

Among North Carolina’s coastal counties, Carteret county was second to Dare county
(Table 13) in terms of personal income from fishing. In addition, Carteret County (Table 14)
shows an marked increase from 1970 to 1980, then a decrease from 1980 to 1990, within the
occupations of Farm/F ish/Forest and an overall increase in the number of Agriculture, Fishing

and Mining industries.

Table 14. Number within Farm/F ish/Forest Occupation and Agriculture, Fishing, Mining
Industry for Carteret County (Area 5) for 1970, 1980, and 1990 Census. Source: MARFIN

Sociodemographic Database.

County Occupation/Industry 1970 1980 1990
Carteret County Farm/Fish/Forest 225 1200 1158
Agri. Fishing,Mining 731 1234 1260
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In a recent report on the importance of commercial fishing in Carteret county, Diaby
(1997) found that Carteret county ranked first in poundage (96,652,314 1b) and second in
dockside value ($20,618,486) in terms of commercial landings for North Carolina coastal
counties. Finfish represented the 91% of total landings and 46% of total ex-vessel value. The
most important species of finfish were: menhaden, flounder, croaker, weakfish and spot.
Shellfish and crustaceans accounted for only 9% of all commercial landings but, represented
over half of the value of landings during the period from 1974-1994. Employment by the
commercial fishing industry, both full and part time for Carteret county was estimated to be
3,232 people for 1994 (Diaby, 1997). This number varies from those reported in the census data
and emphasizes the problems in comparing these types of data. Since 1981 there have been
about 105 to 140 licensed seafood dealers in Carteret county. The value of processed seafood
peaked for the county in 1981 when scallops accounted for almost half of the value with a total
value of $19,737,126. Since that time there has been a general decline in total value of processed
seafood attributable to a decline in scallop landings. Menhaden was the most important single
processed product over a fifteen year period from 1980 to 1994 (Diaby, 1997).

In estimating the economic impact of Carteret county commercial harvesting sector
Diaby (1997) estimated $27 million in sales of goods and services and $11.66 million in value
added. Total employment from commercial harvesting activities was estimated to be 3,371.

Sales of goods and services for the wholesaling and processing sector were estimated at
$19 million, with $11 million n value added. There were an estimated 1,563 full and part time
jobs created earning $6.55 million in wages (Diaby, 1997).

Overall, the activities of the commercial fishing industry created $46 million in sales of
goods and services and $24 million in value added. There were 4,934 full and part time jobs
which earned $14 million in wages (Diaby, 1997).

The recreational fishery spent approximately $70 million on fishing trips in Carteret
county with $25.23 million in employ compensation and $47.61 in value added. There were
1,821 full and part time jobs associated with the recreational fishing industry in Carteret County.

The total impact of the coastal fishing industry on the economy of Carteret County was
estimated to be $120.74 million with $71.32 million in value added. The total number of full and
part time jobs was estimated at 6,755 with earnings of $38.94 (Diaby, 1997).

Snapper Grouper Fishing
The Morehead City/Beaufort area is located approximately S0 miles south of Ocracoke in

Carteret County. This area is known for its sportfishing activity including several major
tournaments each year. There is a small population of full time commercial reef fishermen in
Morehead, however the majority of fishermen holding commercial permits are primarily part
timers. Many of these fishermen divide their time between charter fishing during the peak tourist
season (April through September) and commercial fishing in the winter months. Full time
fishermen in this area reported fishing approximately 50 miles straight offshore and fishing from
Hatteras to as far south as the South Carolina/Georgia line. Trip lengths vary with the size of the
vessel, but the average trip length is 7 days and the larger boats carried up to 3 crew members

(Iverson, 1997).

King Mackerel Fishery
The king mackerel fishery in North Carolina has grown steadily since 1980 and has

leveled with catches repeatedly around one million pounds in recent years. From 1986 to 1990
the number of permits for Atlantic group king mackerel issued in North Carolina ranged from a
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Jow of 325 in 1987/88 to a high of 53
granted to hook and line

4.3.3.1.3 South Carolina

fishermen. Present

3.0 Affected Environment

3 in 1989/90. Again, the majority of those permitsvwere

data indicates there were 448 commercial vessels
permitted for king and Spanish mackerel in North Carolina (Vondruska, 1997).
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Figure 3. South Carolina Counties Source: Roger Pugliese, SAFMC Staff.

The 1990 Census of Population and Housing provides the following information for
South Carolina regarding individuals who reported their occupation as fisher in Table 15. A total
of 401 individuals claimed Fisher as their occupational title with less than half indicating it was a
year round full time employment. There were few females who indicated such and they had a far
lower mean annual income than males in this occupation.

Table 15. Number of Fishers and Mean Annual Income for South Carolina Fishers in
1990. Source: U.S. Bureau of the Census.

Year Round/Full Time Other Total
Number of fishers
Male 188 193 381
Female 6 14 20
Total 194 207 401
Mean Annual Income (%)
Male ‘ 28,842 14,489 18,946
Female 750 5,000 2,403
Total 23,710 14,269 18,390

There were a total of 69 individuals who indicated their occupation as captain of a fishing
vessel in the 1990 census of population and housing. and 7 of them were female according to
Table 16 Again, females had a much lower mean annual income when compared to males.
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Table 16. Number of Captains of Fishing Vessels and other officers and Mean Annual Income

for South Carolina in 1990. Source: U.S. Bureau of the Census

Year Round/Full Time Other Total
Number of Captains
Male 17 45 62
Female 7 0 7
Total 24 45 69
Mean Annual Income (§)
Male 18,765 15,022 16,048
Female 9,000 0 9,000
Total 15,917 15,022 15,333
Horry County

The following descriptions for fishing communities in South Carolina are notes from Kim
Iverson of South Carolina Department of Natural Resources. Kim has spent many months
interviewing both commercial and recreational fishermen in South Carolina and other parts of
the South Atlantic region as part of several research projects. Although the research was not
intended to identify fishing communities, her notes represent the best available information on
fishing communities for South Carolina.

Little River has a long history of fishing activity, both commercial and recreationally.
The headboat operations date back to the 1940's. As of 1996, there were headboats operating in
Little River. There are approximately 4 vessels that actively run charters and also commercial
fish. Several full time snapper/grouper vessels operate out of the area. Little River also hosts an
annual Blue Crab Festival each spring (Kim Iverson, SCDNR pers. comm., 1998).

Murrells Inlet has a large fleet of charter and headboats, with one marina hosting one of
the Governor's Cup Billfishing Tournaments. There are several smaller fishing tournaments held
in the area. There are fish houses in the community that deal primarily with finfish. There are no
shrimp dealers. This area is also noted for it's large number of seafood restaurants that target the
tourist market from Myrtle Beach (Kim Iverson, SCDNR pers. comm., 1998).

Major fishing tournaments held in Murrells Inlet are: March of Dimes Annual Flounder
Tournament - Voyagers View Marina. Registration was by angler with approximately 200
anglers participating. Local tournament with many family participants. Primarily smaller boats <
25' participating. Tournament date May 17.; and the Marlin Quay Governor's Cup Billfish
Tournament - Marlin Quay Marina. The last in the series of SC Gov. Cup. Total of 31 boats
registered. July 23-26 (Kim Iverson, SCDNR pers. comm., 1998).

Major tournaments in North Myrtle Beach: Dock Holidays Governor's Cup Billfish
Tournament - Dock Holiday's Marina. The first tournament in a series of 6 for the SC
Governor's Cup. April 30 - May 3. Total of 25 boats entered; Frantic Atlantic King Mackerel
Tournaments - North Myrtle Beach - Blue Marlin Yacht & Fishing Club. A two tournament
series consisting of the Spring and Fall Classics. Total purse of $250,000 for the series. Total
of 392 paid boat entries with an average of 4.09 anglers per boat. Tournament dates May 9-11,
September 26-28; Evinrude Outboard King Mackerel Tournament - Oct. 11-12, Weigh-in
stations at Dock Holidays Marina, Marlin Quay Marina and Georgetown Landing. 147 boats
were registered; Yamaha Contender King Mackerel Classic - Weigh in stations at Dock Holidays
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‘Marina, Marlin Quay Marina and Georgetown Landing. 125 boats registered; Fall Pier King

Tournament - September 19-21 (Kim Iverson, SCDNR pers. comm., 1998). ‘

One of the largest concentration of snapper grouper vessels is located in Murrells Inlet,
SC. Most of the reef fishermen in this area are full time commercial fishermen and consider
bandit reels to be the most effective way of catching snapper grouper. There is a wide variety of
snapper grouper species off of Murrells Inlet, with gag grouper, scamp grouper and vermilion
snapper being highly targeted. The average trip length is 5 days with some of the larger boats
(>40 ft.) fishing up to 10 days. A few smaller bandit boats may stay out for 2-3- days. The Gulf
Stream is approximately 62 miles offshore from Murrells Inlet. Most bandit boats fish between
the 20-50 fathom line, concentrating on the 25 fathom curve. Winter weather dictates that
fishermen fish shallow, in waters 60-90' deep. Several fishermen switch to sea bass trapping
during the winter months (Iverson, 1997). .

Horry County has shown a small increase in personal income from fishing that follows

the general increase in personal income overall (Table 17).

Table 17. Population and Economic Information for Horry County, South Carolina.
Source; Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Horry
Population 148,385 152,435 157,834
Personal Income (Thousands of §) 2,543,793 2,744,260 3,013,059
Per Capita Pers Income & 17,143 18,177 19,220
Personal Income Fishing (Thousands of $) 81 129 169

Vessels in Murrells Inlet will fish an area from Frying Pan Shoals off southern NC, south
to Savannah. The average boat has two crew members. It is interesting to note that fishermen
stated a crew of 3 plus the captain was ideal for this area, but decreasing catches and increased
costs have made it necessary to cut back on crew members (Iverson, 1997).

Georgetown County
The community of Georgetown has shrimp dealers who also deal in finfish and shellfish.

Georgetown is host to the one of the SC Governor's Cup Billfish Tournaments along with several
other smaller fishing tournaments. There are no headboats operating from the area and charter
activity is {imited. Georgetown 1s known for it's historic waterfront district (Kim Iverson,
SCDNR pers. comm., 1998).

Major fishing tournaments in Georgetown County: Georgetown Landing Governor's Cup
Billfishing Tournament - May 21-24, Georgetown Landing Marina. The oldest of the series
tournaments with 45 boats participating.

Georgetown County shows an increasing personal income from fishing
Jike Horry County in Table 18 but, personal income from fishing tends tobe a
larger percentage of overall personal income than in Horry County.
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Table 18. Population and Economic Information for Georgetown County, South
Carolina. Source: Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Georgetown
Population 49,371 49,966 50,835
Personal Income (Thousands of §) 822,317 885,024 946,898
Per Capita Pers Income ($) 16,656 17,713 18,627
Personal Income Fishing (Thousands of $) 246 388 399

Charleston County
McClellanville is a small community with a long history of commercial shrimping.

McClellanville has a large shrimp fleet. At any given time (dependent upon the season) there
can be as many as 20 shrimp boats at the docks. Shrimp wholesale dealers are also present
within the community. McClellanville hosts an annual Blessing of the Fleet Festival each spring.
Shem Creek (Mt. Pleasant) hosts a mixture of commercial and recreational fishing activity along
with a number of seafood restaurants, a retail seafood market and a waterfront hotel. There are
also headboats operating out of Shem Creek along with charter operations. There is a large
permanent shrimp fleet and many shrimp boats visit seasonally. At any give time there are an
average of 30 shrimp boats along the creek. Shrimp dealers along the creek also buy and sell
finfish from the trawlers. There are several offshore fishing boats including longline and
snapper/grouper boats. Several shellfishermen and crabbers do business along the creek. Each
spring, Mt. Pleasant hosts an Annual Blessing of the Fleet for the shrimp boats.

In Folly Beach there is a concentration of commercial fishing vessels and several fish
houses who handle offshore finfish, shellfish, shrimp and crabs. Rockville is a historical small
community located at the south end of Wadmalaw Island. There are commercial dealers who
handle shrimp, inshore fish, offshore finfish and some shellfish. On Edisto Island there are
several commercial seafood dealers. There are approximately 10 shrimp boats that operate there,
fluctuating with the season. The dealers handle primarily shrimp and in-shore species along with
shellfish and blue crabs. There is also a large "harvest" of horseshoe crabs. These crabs are
"bled" for their blood that is used in cancer research and returned to the water. Edisto Island is
also host to the annual SC Governor's Cup Billfish Tournament. Charter activity here is limited.
Bennett's Point is a small community south of Edisto with shrimping operations in the
community. There are 10-15 small boat shrimpers that live in Walterboro and fish out of
Bennett's Point (Kim Iverson, SCDNR pers. comm., 1998).

Table 19. Population and Economic Information for Charleston County, South Carolina.
Source: Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995

Charleston Population 297,888 287,139 281,068
Personal Income (Thousands of §) 5,653,489 5,879,506 6,083,636
Per Capita Pers Income ($) 18,979 20,476 21,645
Personal Income Fishing (Thousands of $) 3,188 3,809 .e--

Charleston County (Table 19) has a higher personal income from fishing than the
previous two counties, but has a much larger overall dollar value for personal income overall.

Major fishing tournaments in the Charleston County area: SCSSA (South Carolina
Saltwater Sportfishing Assoc.) Early Bird - Ashley Marina. Approximately 25 registered boats.
April 19. Multi-species tournament; James Island King Mackerel Tournament - James Island
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Yacht Club, May 24; Wild Dunes Governor's Cup Billfish -

boats; Bohicket Invitational Governor's Cup Billfish - June

species tournament held at the East Cooper Outboard Motor
Pleasant. Registration by angler, with approximately 200 anglers registered; S
t with approximately 25 boats

g For Miracles King Mackerel
entered.

- Ashley Marina in Charleston. Club sponsored tournamen
registered. Sailfish, tuna, dolphin & wahoo. August 8-10; Fishin
Tournament - Ripley's Light Marina. Large King tournament with over 200 boats

August 14-16; Alison Oswald, Sr. Memorial Tournament -

tournament with approximately 75 boats participating. Multi-spe
Govemor's Cup Billfish Tournament - July 16-19. One of the oldest and largest of

Beaufort County

3.0 Affected Environment

June 11-14. Total of 46 registered

25.28. Total of 48 registered boats.
Bohicket Marina onJ ohn's Island; Lowcountry Angler's Inshore Tournament - June 28. Multi-

Club on Gold Bug Island in Mt.
CSSA Sailfish XV

James Island Yacht Club. Local

cies. Aug. 23; Edisto Marina
the Billfish
Series. 46 Boats registered. Edisto Island (Kim Iverson, SCDNR pers. comm., 1998).

In Frogmore there are 8 commercial dealers which are home to over 50 shrimpers. This
their back yards. The dealers

does not include the many individuals with shrimp boats in

primarily handle shrimp but others may also handle crabs an
industry on nearby Lady's Island. There are several commercia
Royal area with over 30 shrimp boats. There are also commercial
offshore finfishermen here. There are a small number of charter vessels operating
area also. Hilton Head Island primarily caters to the tourist trade. There are severa
operating on Hilton Head. These boats make half-day trips
There are four major marinas that offer charter fishing. Commercially,

1998).

d shellfish. There is a large blue crab
| seafood dealers in the Port
crabbers, shad fishermen and
out of this

1 headboats

and night trips for shark fishing.
Hilton Head had 4
seafood dealers and approximately 12-15 shrimp boats (Kim Iverson, SCDNR pers. comm.,

Data on personal income from fishing in Table 20 for Beaufort County

may have been excluded due to confidentiality issues.

Table 20.- Population and Economic Information for Beaufort County,

Source: Bureau of Economic Analysis, U.S. Dept. of Commerce.

South Carolina.

Beaufort
Population v 94,375 97,293 100,017
Personal Income (Thousands of $) 2,057,250 2,194,774 2,373,921
Per Capita Pers Income (%) 21,799 22,558 23,774

Personal Income Fishing (Thousands of $)

Major fishing tournaments in Beaufort County: 47" Annual Beaufort County Water
Festival Fishing Tournament - June 28. Held in conjunction with the annual Beaufort Water
Festival; Hilton Head Kingfish Classic - Schillings Marina, Hilton Head Island. July 10-12.

Registration by angler with a total of 49 registered; Dottie Dunbar Women'
Palmetto Bay Marina, Hilton Head. Women's only multi-species inshore tournament.

49 anglers registered. October 4 (Kim Iverson, SCDNR pers. comm., 1998).

Possible fishing communities in South Carolina: Charleston, Mt. Pl
Port Royal, Frogmore (St. Helena), Bennett’s Point, Edisto Beach, Rockville,

s Tournament -

Total of

easant, Hilton Head,

Folly Beach, Shem

Creek, McClellanville, Georgetown Waterfront, Murrell’s Inlet, Little River (most of these

locations aré designated ports of landing)
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Counties in South Carolina have seen a general increase in these occupations and
industries over the past three decades (Table 21), with the exception of Horry County which has
seen a slight decreasing trend.

Table 21. Number within Farm/Fish/Forest Occupation and Agriculture, Fishing, Mining
Industry for South Carolina Coastal Counties for 1970, 1980, and 1990 Census. Source:
MARFIN Sociodemographic Database

County Occupation/Industry 1970 1980 1990
Horry County Farm/Fish/Forest 2627 2542 2310
Agri., Fishing, Mining 2843 2653 2110
Georgetown County Farm/Fish/Forest 403 558 597
Agri. Fishing, Mining 552 856 690
Charleston County Farm/Fish/Forest 810 1697 2056
Agri.,Fishing,Mining 1256 1938 2316
Beaufort County Farm/Fish/Forest 436 938 966
Agri. Fishing,Mining 698 1087 1111
Colleton County Farm/Fish/Forest 532 614 730
Agri. Fishing,Mining 787 705 782

For the Charleston, South Carolina MSA (Table 22) there are 113 individuals who
indicated fishing as their year round occupation . Another 102 individuals indicated that itis a
part time or seasonal occupation for them. This represents over half of those individuals in
South Carolina who indicated the occupation as fishing from Table 15. The Charleston, SC
MSA includes Berkely, Charleston and Dorchester counties.

Table 22. Number of Individuals in Occupation of Fishing By Work Status and Gender for the
Charleston, SC MSA in 1989. Source: 1990 Census Of Population And Housing.

Year Round Other Total
Full Time
Male 102 102 204
Female 11 0 11
Total 113 102 215
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43.3.14 Georgia

Chatta
hoochee

Figure 4. Georgia Coastal Counties. Source: Bureau of Economic Analysis, U.S.
Dept. of Commerce.

The 1990 Census of Population and Housing provides the following information for
Georgia regarding individuals who reported their occupation as fisher in Table 23. A total of
536 individuals claimed Fisher as their occupational title with less than half indicating it was a
year round full time employment. There were few females who indicated such and they had a far
lower mean annual income than males who indicated it was a full time occupation. However,
females who indicated it was other than full time had a much higher mean income than any other
category. This may be due to a low sample size, however.
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Table 23. Number of Fishers and Mean Annual Income for Georgia in 1990. Source:
U.S. Bureau of the Census.

Year Round/Full Time Other Total
Number of fishers
Male 222 295 518
Female ' 11 7 18
Total 234 302 536
Mean Annual Income (3) _
Male 19,139 11,082 15,058
Female 8,600 25,000 20,080
Total 18,813 12,024 15,308
Shrimping

In their 1975 report, Nix et. al., found a total of 32 commercial docks in six Georgia
coastal counties. Those docks and shrimp trawlers were distributed as follows: Camden Co. - 5
docks and 33 trawlers; Glynn Co. - 5 docks and 74 trawlers; McIntosh Co. - 12 docks and 111
trawlers; Liberty Co. - 1 dock and 18 trawlers; Bryan Co. - 1 dock and 2 trawlers; and finally
Chatham Co. - 8 docks and 69 trawlers. This information is outdated and certainly does not
represent the current status and location of shrimp trawlers in Georgia. However, the report does
represent the kinds of information that can be extremely helpful in identifying fishing

communities.

Snapper Grouper Fishing
The coast of Georgia contains a small concentration of full-time reef fishermen that fish

primarily with bandit reels. Their fishing patterns are similar to those found in SC with vessels
fishing from northern Florida north to the SC/N C line (Iverson, 1997).

Possible fishing communities in Georgia: Savannah, Brunswick, St. Marys, Jekyll Island, and
Darien.

Table 24. Number of Captains of Fishing Vessels and other officers and Mean Annual
Income for Georgia in 1990. Source: U.S. Bureau of the Census.

Year Round/Full Time Other Total
Number of Captains
Male 17 21 38
Female 0 0 0
Total 17 21 38
Mean Annual Income ($)
Male 25,706 1,976 12,592
Female 0 0 0
Total : 25,706 1,976 12,592
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Table 25. Population and Economic Information for Chatham County, Georgia. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce.

Chatham Population (number of persons) 224,050 225,779 226,554
Personal income (thousands of dollar 4,569,113 4,810,530 5,087,638
Per capita personal income (dolars) 20,393 21,306 22,457
Personal Income Fishing (Thousands of §) 650 (D) 25
Table 26. Population and Economic Information for Bryan County, Georgia. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce. '
County 1993 1994 1995
Bryan
Population 18,827 20,008 21,212
Personal Income (Thousands of 9 274,738 307,258 342,128
Per Capita Pers Income &) 14,593 15,357 16,129
Personal Income Fishing (Thousands of §) 251 359 .-

Table 27. Population and Economic Information for Liberty County, Georgia. Source:

Bureau of Economic

Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Liberty
Population 56,625 58,827 58,571
Personal Income (Thousands of $) 636,042 669,454 709,468
Per Capita Pers Income (&) 11,233 11,380 12,113
Personal Income Fishing (Thousands of §) ---- 90 97

Table 28. Population and Economic Information for

Bureau of Economic Analysis, U.

Mclntosh County, Georgia. Source:
S. Dept. of Commerce.

County 1993 1994 1995
Mclntosh
Population 8,985 9,153 9,372
Personal Income (Thousands of §) 110,187 116,171 125,645
Per Capita Pers Income (8) 12,263 12,692 13,406
Personal Income Fishing (Thousands of §) 3,619 4,486 c---

Table 29. Population and Economic Information for Glynn County, Georgia. Source:

Bureau of Economic Analysis,

U.S. Dept. of Commerce.

County 1993 1994 1995
Glynn
Population 64,759 64,956 65,450
Personal Income (Thousands of §) 1,322,745 1,400,544 1,505,337
Per Capita Pers Income ($) 20,426 21,558 23,000
Personal Income Fishing (Thousands of $) 328 343 351

61

Golden Crab SAFE Report




3.0 Fishery Evaluation

Table 30. Population and Economic Information for Camden County, Georgia. Source:

Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Camden
Population 39,712 41,262 40,819
Personal Income (Thousands of $) 502,639 542,385 556,622
Per Capita Pers Income () 12,657 13,145 13,636
Personal Income Fishing (Thousands of $) 1,889 2,431 2,484

Georgia coastal counties have seen a general increase in these occupations and industries
with the exception of Liberty County which has shown a decrease from 1970-1990.

Table 31. Number within Farm/Fish/Forest Occupation and Agricﬁlture, Fishing, Mining
Industry for Georgia Coastal Counties for 1970, 1980, and 1990 Census. Source:

MARFIN Sociodemographic Database

County Occupation/Industry 1970 1980 1990
Bryan County Agri. Fishing,Mining 161 100 200
Farm/Fish/Forest 121 135 136
Chatham County Agri. Fishing Mining 558 686 1103
Farm/Fish/Forest 228 704 1062
Liberty County -Agri.,Fishing, Mining 332 146 152
Farm/Fish/Forest 242 205 157
Mclntosh County Agri. Fishing,Mining 233 266 169
Farm/Fish/Forest 27 260 193
Glynn County Agri. Fishing,Mining 261 482 593
Farm/Fish/Forest 84 581 712
Camden County Agri. Fishing, Mining 209 126 176
Farm/Fish/Forest 106 110 205
4.3.3.1.5 Florida

Florida’s eastern coastline is made up largely of metropolitan counties. This is primarily
due to the increases in population for Florida’s coastal counties over the past 50 years. Florida’s
coastline has become a very popular retirement destination and tourist attraction. Because they
are largely metropolitan, fishing communities here may be subsumed into these larger
metropolitan areas and difficult to identify. Data presented from the most recent Census will
also show that in relation to the larger economy, fishing will contribute very little at the county
level for most coastal counties. Over the years, with the demographic changes following the
inmigration of retirees and tourists and the subsequent economic transition, few fishing
communities will have survived as distinct communities.

The data presented in Table 32 shows Florida as having almost 6,000 individuals
claiming fisher as their occupation in the 1990 census; 381 of those individuals were female.
Mean annual income is highest for those reporting fishing as a full time occupation with women
reporting a lower mean annual income in all categories.
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Table 32. Number of Fishers and Mean Annual Income for Florida in 1990. Source:
U.S. Bureau of the Census.

Year Round/Full Time Other Total
Number of fishers
Male 2,698 2,844 5,544
Female 111 270 381
Total 2,809 3,116 5,925
Mean Annual Income &)
Male 23,288 11,794 17,388
Female 17,285 11,511 13,193
Total 23,051 11,770 17,118

Semirale

Hewpapdo

Bressd
Dheeohobee
Indian
Finelles

Figure 5. Florida Coastal Counties. Source: Bureau of Economic Analysis, U.S. Dept.
of Commerce-

There were over 1100 individuals from Florida who reported their occupation as captain
of a fishing vessel during the 1990 census, with 51 of them being female (Table 33). Again,
mean annual income was highest for full time workers and females reported lower mean annual
income for both full time and other work.
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Table 33. Number of Captains of Fishing Vessels and other officers and Mean Annual
Income for Florida in 1990 Source: U.S. Bureau of the Census.

Year Round/Full Time Other Total
Number of Captains
Male 430 633 1,063
Female 26 25 51
Total 456 658 1,114
Mean Annual Income ($)
Male 25,993 21,274 23,183
Female 8,487 15,420 11,885
Total 24,995 21,052 22,666

Nassau County (Table 34) showed an increase in personal income from fishing over the

time period from 1993 to 1995 which reflects the general increase in population and personal
income overall for the county.

Table 34. Population and Economic Information for Nassau County, Florida. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Nassaun
Population 48,355 49,565 50,717
Personal Income (Thousands of $) 954,342 1,003,920 1,089,793
Per Capita Pers Income ($) 19,736 20,255 21,488
Persona! Income Fishing (Thousands of $) 1,540 1,918 2,068

Duval County (Table 35) shows slow growth in population over the three years listed, but

does show growth in personal income from fishing from 1993 to 1994. There was a slight
decrease in personal income from fishing reported from 1994 to 1995.

Table 35. Population and Economic Information for Duval County, Florida. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Duval
Population 701,267 703,152 705,014
Personal Income (Thousands of $) 14,111,822 14,724,897 15,748,121
Per Capita Pers Income ($) 20,123 20,941 22,337
Personal Income Fishing (Thousands of §) 2,272 3,658 3,335

St John’s County (Table 36) had some growth in personal income from fishing from 1993
to 1994 but no data were available for 1995 to indicate whether that trend continued.

Table 36. Population and Economic Information for St. John’s County, Florida. Source:

Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995

St. Johns
Population 94,480 98,377 101,966
Personal Income (Thousands of §) 2,394,764 2,612,557 2,869,300
Per Capita Pers Income (§) 25,347 26,557 28,140
Personal Income Fishing (Thousands of §) 432 502 ce--
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According to Table 37, Flagler County had no individuals reporting personal income
from fishing for the time period 1993 to 1995. Volusia County also has no personal income from
fishing listed in Table 38, but data were not included due to confidentiality issues.

Table 37. Population and Economic Information for Flagler County, Florida. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Flagler
R Population 35,868 37,894 40,260
Personal Income (Thousands of $) 571,528 631,959 692,269
Per Capita Pers Income (&) 15,934 16,671 17,195
Personal Income Fishing (Thousands of $) : 0 0 0
Table 38. Population and Economic Information for Volusia County, Florida. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce.
County 1993 1994 1995
Volusia
Population 397,372 405,515 410,115
Personal Income (Thousands of $) 6,845,402 7.235,060 7.772,063
Per Capita Pers Income (&3] 17,227 17,842 18,951
Personal Income Fishing (Thousands of $) ---- ---- ----

Indian River County saw an increase in personal income from fishing from 1993 to 1994
according to Table 39, but saw a decrease from 1994 to 1995. St. Lucie County (Table 40) may
have had a similar trend although data from 1993 are missing and the trend is not clear.

Table 39. Population and Economic Information for Indian River County, Florida.
Source: Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Indian River
Population 94,184 95,374 96,263
Personal Income (Thousands of $) 2,686,514 2,827,427 3,065,533
Per Capita Pers Income (%) 28,524 29,646 31,845
Personal Income Fishing (Thousands of §) 1,340 1,826 1,707

Table 40. Populati

of Economic Analysis, U.S. Dept. of Commerce.

on and Economic Information for St. Lucie C

ounty, Florida. Source: Bureau

County 1993 1994 1995

St. Lucie
Population 165,120 169,284 171,914
Personal Income (Thousands of §) 2,719,602 2,840,752 3,051,018
Per Capita Pers Income (8) 16,470 16,781 17,747
Personal Income Fishing (Thousands of $) .- 1,855 1,303
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Table 41. Population and Economic Information for Broward County, Florida. Source: Bureau
of Economic Analysis, U.S. Dept. of Commerce

County 1993 1994 1995
Broward
Population ‘ 1,353,279 1,358,585 1,412,942
Personal Income (Thousands of §) 32,716,045 34,273,950 37,007,667
Per Capita Pers Income (§) 24,175 24,736 26,192
Personal Income Fishing (Thousands of $) 658 816 ----

The trend in personal income from fishing for Broward County is not clear as data from
1995 are missing from Table 41 because of confidentiality. Brevard County (Table 42) shows a
decrease in personal income from fishing during 1994 to 1995, but overall shows a much larger
percentage of personal income coming from fishing than most counties previous.

Table 42. Population and Economic Information for Brevard County, Florida. Source: Bureau

of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Brevard
Population 435,546 443,337 450,238
Personal Income (Thousands of §) 8,564,204 8,938,218 9,341,030
Per Capita Pers Income () 19,663 20,161 20,747
Personal Income Fishing (Thousands of $) 3,600 4,690 3,797

Martin County has one of the highest per capita incomes reported over the three year

period according to

per capita income, sh

no data available for 1995 (Table 44).

Table 43. There was also a significant increase in personal income from
fishing from 1993 to 1994 which decreased in 1995. Palm Beach County,
owed an increase in personal income from fishing from 1993 to 1994 with

with an even higher

Table 43. Population and Economic Information for Martin County, Florida. Source: Bureau of
Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Martin ,
Population 107,238 109,194 110,495
Personal Income (Thousands of $) 3,406,064 3,521,665 3,815,294
Per Capita Pers Income ($) 31,762 32,251 34,529
Personal Income Fishing (Thousands of §) 270 1,658 819

Table 44. Population and Economic Information for Palm Beach County, Florida. Source:

Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Palm Beach
Population 933,644 957,522 976,358
Personal Income (Thousands of §) 30,994,531 32,423,719 35,204,121
Per Capita Pers Income (§) 33,197 33,862 36,057
Personal Income Fishing (Thousands of $) 1,464 1,902 ----
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Dade County shows a steady growth in personal income from fishing for the time period
listed in Table 45. Monroe County shows, by far, the highest personal income from fishing for
any Florida county and most likely any county in the South Atlantic according to Table 46.

Table 45. Population and Economic Information for Dade County, Florida. Source: Bureau of
Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Dade
Population 1,985,373 2,011,571 2,046,078
Personal Income (Thousands of §) 39,110,301 40,344,476 43,087,320
Per Capita Pers Income ($) 19,699 20,056 21,058
Personal Income Fishing (Thousands of $) 1,247 1,479 1,897

Table 46. Population and Economic Information for Monroe County, Florida. Source: Bureau
of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Monroe
Population 81,737 81,461 81,152
Personal Income (Thousands of $) 1,982,209 2,054,326 2,208,152
Per Capita Pers Income ($) 24,251 25,219 27,210
Personal Income Fishing (Thousands of $) 13,506 15,558 16,723

Recently, data were compiled from the last three census and placed into a user friendly
interface through a MARFIN grant by the Louisiana Population Data Center, Louisiana State
University (C. M. Tolbert, et al. 1998). Those data provide a time series of information from the
last three census with the ability to compare several variables at the state,. county and place
level. Census places are incorporated and Census designated places of 2500 or more persons.
The tables presented below incorporate the data included in the MARFIN SocioDemographic
Database for the coastal counties outlined above with a focus on the occupational classification
of Farm/Fish/Forest and the industry classification of Agriculture, Fishing, and Mining. These
classifications are inclusive of those within the occupation and industry of fishing, but not
exclusive of others, therefore it is difficult to know the exact number of individuals who have
indicated their occupation or business is fishing. We can only assume that whatever trend
appears over the time corresponds to the occupation of fishing as well as the others.

Data covering Metropolitan Statistical Areas are provided because it includes a more
detailed occupational breakdown, but unfortunately geographic boundaries expand as most
MSAs encompass more than one county. In some cases, MSAs were not used because the area
covered did not correspond with the coastal areas within the South Atlantic region. As
mentioned earlier, these data are what is currently available. Further analysis is constrained by
variety of issues relating to data computability and availability at each place level of analysis.
As mentioned before more research on fishing communities will be required before a more
complete definition and identification can be accomplished.

Examining census data at the level of Metropolitan Statistical area reveals greater detail
for occupation, but the scale changes as MSAs often times encompass more than one county.
Metropolitan area (MA) is a large population nucleus, together with adjacent communities that
have a high degree of economic and social integration with that nucleus. Metropolitan Areas
must contain either a place with a minimum population of 50,000 or a Census Bureau-defined
urbanized area and a total MA population of at least 100,000. An MA comprises one or more
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central counties and also may include one or more outlying counties that have close economic
and social relationships with the central county. Metropolitan statistical areas (MSA's) are

relatively freestanding MA's and are not closely associated with other MA's. These areas

typically are surrounded by nonmetropolitan counties. See Appendix ?? for details on the

parameters for the coastal MSAs included in this discussion.
When you look at the occupations of farming, fishing and forestry for Florida coastal

counties in Table 47, over the past 20 years there is, in general, a steady increase in the number

of individuals within these occupations and industries.

Table 47. Number within Farm/Fish/Forest Occupation and Agriculture, Fishing, Mining

Industry for East Florida Coastal Counties from 1970, 1980, and 1990 Census. Source:

MARFIN Sociodemographic Database

County Occupation/Industry 1970 1980 1990
Nassau County Farm/Fish/Forest 371 427 559
Agri. Fishing,Mining 501 462 606
Duval County Farm/Fish/Forest 1237 2782 3729
Agri. Fishing,Mining 2536 2959 4324
St.Johns County Farm/Fish/Forest 794 813 1002
Agri. Fishing, Mining 1012 883 976
Flagler County Farm/Fish/Forest 145 314 408
Agri.,Fishing, Mining 186 298 403
Volusia County Farm/Fish/Forest 1308 3150 4917
Agri.,Fishing,Mining 2511 3407 5606
Indian River County Farm/Fish/Forest 991 1907 2042
Agri.,Fishing Mining 1454 2361 2217
St. Lucie County Farm/Fish/Forest 2602 2710 3147
Agri. Fishing, Mining 3253 3252 3342
Broward County Farm/Fish/Forest 1982 7358 9425
Agri.,Fishing,Mining 5354 7756 10317
Brevard County Farm/Fish/Forest 764 1772 3369
Agri. Fishing, Mining 1394 2279 3585
Martin County Farm/Fish/Forest 964 1838 1983
Agri.,Fishing, Mining 1268 2032 2086
Palm Beach County Farm/Fish/Forest 6552 9676 13261
Agri. Fishing,Mining 9791 11780 15155
Dade County Farm/Fish/Forest 4804 11257 14894
Agri. Fishing, Mining 9682 13708 16926
Monroe County Farm/Fish/Forest 163 1769 1729
Agri. Fishing,Mining 920 1932 1860

The following table includes only those individuals who reported their occupation as
fishing for the following Metropolitan Statistical Areas (MSA) within Florida.
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Table 48. Number of Individuals in Occupation of Fishing By Work Status and Gender for
Florida MSA in 1989. Source: 1990 Census Of Population And Housing.

Jacksonville Year Round Other Total
Full Time

Male 151 210 361

Female : 15 49 64

Total 166 259 425

West Palm Year Round Other Total
Beach Full Time

Male 94 47 141

Female 0 0 0

Total 94 47 141

Miami Year Round Other Total
: Full Time

Male 254 254 508

Female 0 30 0

Total 254 284 538

Snapper Grouper Fishery Profile

Concentrations of reef fishermen can be found in the communities of Mayport, Port
Orange and New Smyrmna, north of Cape Canaveral. Bandit reels are the primary gear used for
reef fishing in these areas, although a few bottom longline vessels are present. In northern
Florida, bandit fishermen report trips lasting 5-6 days and fish 30-50 miles offshore. They
average between 2 o 3 crew members depending on vessel size and gear. Vessels from the
Mayport area reported fishing from the Georgia line south to the Daytona area. The larger
longline vessels are required by regulations to fish past the 50 fathom line and reported trip
lengths of up to 10 days, fishing as far as 100 miles from shore. These bottom long line vessels
fish for deep water species such as tilefish in water 600 - 900" deep (Iverson, 1997).

King Mackerel Fishery Profile
McKenna (1994) identified the number of fishermen in Florida reporting landings of

king mackerel (based on Saltwater Products Licenses) from 1987 to 1993 as varying from 1,500
to 2,222. From 1986 to 1990 the number of commercial permits for Atlantic migratory group
king mackerel ranged from a high of 388 in 1989/90 fishing season to low of 785 in the 1987/88
fishing year. The percentage of those permits which were hook and line fishermen for those
years ranged from 89% in 86/87 to 78% in 1990. There were 1654 vessels permitted for
commercial king mackerel and Spanish mackerel in Florida for the 1993-94 fishing year. The
number of permitted vessels was divided with 846 and 808 allocated to the East and West coasts
respectively. How many of those vessels landed king mackerel is unknown at this time. Catch
per unit of effort data seems fairly consistent for the southeastern region of the Atlantic group
king mackerel with an average CPUE of between 200-300 lbs/trip (McKenna, 1994). Most of
the commercial landings of Atlantic group king mackerel are made by hook and line fishermen.
In addition, because most Jandings of Atlantic group king mackerel are in Florida and the most
information that exists is on the Florida fishery, the following description will focus primarily on
the Florida fishery unless noted otherwise.
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King Mackerel Hook and Line Fleet

There were approximately 203 full and part time vessels in the hook and line mackerel
fleet in 1980. Vessel size ranged from 22-44 feet in length. Today, the Florida South Atlantic
troll fishery is composed of about 100 full-time and 100 part-time operations, about 150 of them
are dependent upon King mackerel. Full-time fishermen operate primarily out of Jupiter, Port
Salerno, Fort Pierce, Sebastian, and Rivera Beach. Normally, there is one fisherman to a boat.
Part-time fishermen operate mostly out of Palm Beach, frequently two or three fishermen per
boat. Approximately 40 percent of the full time trollers switch to bottom fishing for various reef
fish after the Guif king mackerel season. The remainder of these full time trollers tie up their
boats when the Gulf king mackerel season ends. Some engage in various non-fishing jobs, while
the majority reportedly wait for the opening of the Atlantic king mackerel season (GMFMC &
SAFMC, 1994).

During the peak season about 75 to 100 troll vessels and 16 to 20 net vessels target king
mackerel in the Keys. Net vessels usually start fishing late December, although some of these
vessels troll for mackerel before net fishing becomes more practicable. Most king mackerel
fishermen in the Keys target other species such as stone crab, spiny lobster, and reef fish

throughout the year.

King Mackerel Net Fishing Fleet

There were approximately 89 large gill net vessels in Florida including full and part time
in 1980. The vessels ranged in size from 30-65 feet. These vessels fished Spanish and king
mackerel during the winter, but also targeted lobster, swordfish and bait fish during other times
of the year. Vessels over 40 feet usually employed a power roller to haul nets. The large gill net
fleet was primarily located from Florida’s central east coast in Ft. Pierce, throughout the Florida
Keys to the central west coast as far north as Cortez. There were also a few large boats in the
Panhandle area of Port St. Joseph (Centaur Associates, 1981).

Approximately 87% of captains in the large gill net fleet at that time depended entirely
upon fishing for their income. Net fishermen, then as they do today, have the options of
participating in the Spanish mackerel fishery, trolling for king mackerel, and fishing with nets or
hook and line for Atlantic group king mackerel after March (Centaur Associates 1981).

Today, there are twelve large net boats located in the Keys that may fish Atlantic group
king mackerel occasionally. These vessels have a capacity of up to 40,000 pounds per trip and
have had large catches of king mackerel in the past. There does not seem to be a small gill net
boat sector for Atlantic king mackerel. In Monroe County there are 16 to 20 large net boats
currently participating in the king mackerel fishery, some with capacity to land up to 50,000
pounds. There are another 6 to 12 small net boats in south-west Florida ready to enter the fishery
when the opportunity arises. These vessels are 30 to 40 feet in length with capacities of 5,000 to
10,000 pounds.

There has been a general decline in net catches along the Florida east coast. This may be
attributed to regulations like the prohibition of drift nets and purse seines, but also stems from

the recent net ban in Florida state waters.

King Mackerel Dealers
McKenna (1994) identified over 200 dealers in Florida who had handled king mackerel

since 1987. In 1992 there were 240 who reported landings of king mackerel. Most of those
dealers purchased king mackerel ten or fewer times per season and handled less than 5000
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pounds. There were over twenty dealers who handled 100,000 pounds or more duriﬁg the 1992
season (McKenna, 1994) .

Possible fishing communities in Florida: Mayport, Port Orange, New Smyrmna, Sebastian,
Port Salerno, Rivera Beach, Ft. Pierce, Jupiter, West Palm Beach, Boyton Beaches, The Keys --
Upper Keys: Key Largo, Tavernier; Middle Keys - Islamorada, Marathon; Lower Keys; and Key
West.

4.3.3.1.6 Other Community related Analysis

In a recent survey of snapper grouper fishermen in the South Atlantic questions were
posed concerning a fishermen’s tenure within a community and attitudes towards community
change. The results in Table 49 show that the majority of fishermen feel their community has
stayed the same or has changed for the better. A larger percentage of inactive than active
snapper grouper fishermen feel that their community has changed for the worse. Well over half
of fishermen interviewed had been in their present community for twenty years or more. Over
sixty percent of inactive fishermen have lived in their community for twenty years or more,
while over fifty percent of active fishermen have lived in their communities for 19 years or less.
The mean number of years a fishermen had resided in their present community was twenty years
or more for North Carolina, South Carolina and Florida. In comparison Georgia snapper grouper
fishermen had an average tenure in their communities of 6.5 years. This may be an artifact of the
small sample size in Georgia as only seven fishermen from that state were interviewed, but could
also be reflective of the nature of snapper grouper fishing in Georgia (Rhodes et al., 1997).

Table 49. Snapper Grouper Fishermen’s Tenure and Attitude toward Change in their Present
Community. Source: Socio-demographic Assessment of Commercial Reef Fishermen in the
South Atlantic Region. 1997.

Active (%) Inactive (%)

Feel Your Community has changed? (N=201) (N=26)
For the better 41.8 30.8
For the worse 32.1 46.2
Stayed the same 25.9 23.1

Active (Yrs) Inactive (Yrs)

Number of Years in Present Community? (N=201) (N=26)
2-12 27.6 25.9
13-19 32.0 11.1
20-35 19.5 334
36< 20.9 29.6

These perspectives on an individual’s feelings toward a community become important
when that person must face significant changes regarding his/her occupation, as is often the case
when limited entry or some other form of fisheries management is implemented. An individual’s
commitment toward their community and sense of belonging will influence decisions on
whether to stay in fishing or within a particular community. The impacts become important for
the community if many individuals face the same decision. When active fishermen were asked
what is the likelihood of moving to a new town in the next 2-3 years most responded that it is
was unlikely, however, over 27% indicated they were not sure or it was likely. When both
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inactive and active fishermen were asked the likelihood of leaving commercial fishing altogether
46% of inactive fishermen said it was likely or very likely, while only 11% of active fishermen
indicated such a likelihood. (Rhodes et al., 1997). These type of data at the community level
would contribute much to the understanding of possible impacts of future fisheries management.

433.1.7 Data Needs

As mentioned earlier, the data presented here is what is currently available and readily
accessible. It is very limiting and does not provide a sufficient amount of detail needed to define
and identify fishing communities. Therefore, the likelihood of realistic impact assessment of
future fishing regulations on fishing communities is not good. '

At the present the NMFS does not collect data on fishing communities. Therefore, it is
impossible to realistically identify fishing communities in this amendment. There is a
tremendous need for research to be conducted on a continuous basis to collect this information.
Both state and federal government agencies have access to current information which can inform
the process of identifying fishing communities. Permit databases for fishing licenses, wholesale
and retail licenses, boat registrations, f:arina permits, boat landing locations, and many others
exist now. Putting that information into one database is a monumental task, but should be
undertaken soon. Geographic Information System software is now available and being used to
compile much of the data regarding habitat. The same type of databases need to be created
regarding fishing communities. Spatial analysis of the variables that help identify and define
fishing communities can give useful insight into the changes that affect these coastal
communities.

It is unlikely that Council Staff would be able to gather these data. Council staff have in
the past, with the cooperation of industry, been able to gather important information about a
particular fishery, but were criticized for not following OMB guidelines. The difficulty with
following OMB guidelines is that approval of data gathering tools is too time consuming.
Councils are often on a timeline to develop FMPs which does not allow for a lengthy approval
process. The South Atlantic Council staff has sufficient expertise with this type of data
collection that design, implementation and analysis can often take place during an extremely
short time period with little burden upon the public. In fact, industry is often eager to provide
these type of data for consideration during development of an FMP, but don’t have the expertise
to offer data a form that can be used by Council staff.

Data collection is critical to the future of impact assessment of fishing communities.
Standards must be set and data need to be collected. At present, the ACCSP is attempting to set
those standards and has included social and economic data in that program. The ACCSP
Technical Source Document IV contains detailed social and economic data needs and draft
survey instruments. Social and economic data collection projects should at least collect the
minimum data elements. Support of ACCSP can be an important step in meeting the future
needs of the councils with regard to fishing communities. In addition, another guideline for the
types of data needed can be found in the Southeast Social and Cultural Data Analysis Plan
(NMFS, 1994). The plan was designed to address many of the current social and cultural
information needs for the three councils in the Southeast.”

72
Golden Crab SAFE Report



4.0 Ecosystem Considerations

4.0 ECOSYSTEM CONSIDERATIONS
4.1 Introduction

As a result of the Sustainable Fisheries Act Amendment to the Magnuson-Stevens
Fishery Conservation and Management Act in 1996 the Councils and the NMFS have been
mandated to use an ecosystem approach in managing the Nation’s Fisheries. The Council has
taken the first step with the submission of the Habitat Plan identifying and describing in detail
essential fish habitat (EFH) for species managed throughout the South Atlantic and with the
submission of the Comprehensive Habitat Amendment amending all existing FMP’s to include
descriptions of EFH and EFH-habitat areas of particular concern (EFH-HAPCs). By including
an Ecosystems Considerations section in the required SAFE reports, existing data regarding the
effects of a fishery on the ecosystem will be provided to the Council on a species by species
basis while emphasizing the need for a new level of information. This section will also provide
the Assessment Group with a forum in which to express their ecosystem concerns for a specific
fishery. In addition to receiving information from the Assessment Group, anecdotal information
concerning ecosystem issues has also been gathered through discussions with the Wreckfish
Advisory Panel and other peopic familiar with the fishery and has been included in this section.

While incorporating ecosystem concerns into stock assessment reports is a new approach
for this Council, this approach has been taken by the North Pacific Fishery Management Council
for several years. A copy of their ecosystems chapter has been included as Appendix E and is an
example of the way the ecosystem approach can be used in annual SAFE reports. Another
supporting document detailing new ideas and approaches to holistic management is the report to
Congress from the Ecosystem Principles Advisory Panel of the NMFS (Appendix F), appointed
by the National Academy of Sciences. Congress charged NMFS with establishing this panel to
assess the extent that ecosystem principles are used in fisheries management and research and to
recommend how such principles can be used to improve our Nation’s management of living
marine resources.

Ecosystem considerations presented in the interim final rule to implement the essential fish
habitat (EFH) provisions of the Magnuson-Stevens Fishery Conservation and Management
Act (Magnuson-Stevens Act).

Overview of EFH FMP Amendment Guidelines

The themes of sustainability and risk-averse management are prevalent throughout the
Magnuson-Stevens Act, both in the management of. “fishing practices (e.g., reduction of
bycatch and overfishing and consideration of ecological factors in determining optimum
yield [OY]) and in the protection of habitats (i.e., prevention of direct and indirect losses of
habitats, including EFH). Management of fishing practices and habitat protection are both
necessary to ensure long-term productivity of our Nation s fisheries. Mitigation of EFH
losses and degradation will supplement the traditional management of marine fisheries.
Councils and managers will be able to address a broader range of impacts that may be
contributing to the reduction of fisheries resources. Habitats that have been severely altered
or impacted may be unable to support populations adequately to maintain sustainable
fisheries. Councils should recognize that fishery resources are dependent on healthy
ecosystems; and that actions that alter the ecological structure and/or functions within the
system can disturb the health or integrity of an ecosystem. Excess disturbance, including
over-harvesting of key components (e.g., managed species) can alter ecosystems and reduce
their productive capacity. Even though traditional fishery management and FMPs have been

73
Golden Crab SAFE Report



4.0 Ecosystem Considerations

mostly based on yields of single-species or multi-species stocks, these regulations encourage
a broader, ecosystem approach to meet the EFH requirements of the Magnuson-Stevens Act.
Councils should strive to understand the ecological roles (e.g,, prey, competitors, trophic
links within food webs, nutrient transfer between ecosystems, éic.) played by managed
species within their ecosystems. They should protect, conserve, and enhance adequate
quantities of EFH to support a fish population that is capable of fulfilling all of those other
contributions that the managed species makes to maintaining a healthy ecosystem as well as
supporting a sustainable fishery. Councils must identify in FMPs the habitats used by all life
history stages of each managed species in their fishery management units (FMUs). Habitats
that are necessary to the species for spawning, breeding, feeding, or growth to maturity will
be described and identified as EFH. These habitats must be described in narratives (text and
tables) and identified geographically (in text and maps) in the FMP. Mapping of EFH
maximizes the ease with which the information can be shared with the public, affected
parties, and Federal and state agencies to facilitate conservation and consultation. EFH that
is judged to be particularly important to the long-term productivity of populations of one or
more managed species, or to be particularly vulnerable to degradation, should be identified
as "habitat areas of particular concern” (HAPC) to help provide additional focus for
conservation efforts. After describing and identifying EFH, Councils must assess the
potential adverse effects of all fishing-equipment types on EFH and must include
management measures that minimize adverse effects, to the extent practicable, in FMPs.
Councils are also directed to examine non-fishing sources of adverse impacts that may affect
the quantity or quality of EFH and to consider actions to reduce or eliminate the effects.

(ii) EFH determination.

(E) Ecological relationships among species and between the species and their habitat
require, where possible, that an ecosystem approach be used in determining the EFH of a
managed species or species assemblage. The extent of the EFH should be based on the
judgment of the Secretary and the appropriate Council(s) regarding the quantity and quality
of habitat that is necessary to maintain a sustainable fishery and the managed species’
contribution to a healthy ecosystem.

(11) Review and revision of EFH components of FMPs.
This information should be reviewed as part of the annual Stock Assessment and Fishery
Evaluation (SAFE) report prepared pursuant to § 600.315(e).

4.2. Essential Fish Habitat and Essential Fish Habitat -Habitat Areas of Particular
‘Concern Designations

Essential fish habitat is defined in the Act as “‘those waters and substrate necessary to fish
for spawning, breeding, feeding, or growth to maturity.” The definition for EFH may include
habitat for an individual species or an assemblage of species, whichever is appropriate within
each FMP.

For the purpose of interpreting the definition of essential fish habitat: “waters” includes
aquatic areas and their associated physical, chemical, and biological properties that are utilized
by fish. When appropriate this may include areas used historically. Water quality, including but
not limited to nutrient levels, oxygen concentration and turbidity levels is also considered to be a
component of this definition. Examples of *“waters” that may be considered EFH, include open
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waters, wetlands, estuarine habitats, riverine habitats, and wetlands hydologically connected to
productive water bodies.

«“Necessary” , relative to the definition of essential fish habitat, means the habitat required
to support a sustainable fishery and a healthy ecosystem. While “spawning, breeding, feeding, or
growth to maturity” covers a species full life cycle.

In the context of this definition the term “gubstrate” includes sediment, hard bottom,
structures underlying the waters, and associated biological communities. These communities
could encompass mangroves, tidal marshes, mussel beds, cobble with attached fauna, mud and
clay burrows, coral reefs and submerged aquatic vegetation. Migratory routes such as rivers and
passes serving as passageways to and from anadromous fish spawning grounds should also be
considered EFH. Included in the interpretation of “substrate™ are artificial reefs and shipwrecks
(if providing EFH), and partially or entirely submerged structures such as jetties.

The Habitat Plan presents the habitat requirements (by life stage where information
exists) for species managed by the Council. Available information on environmental and habitat
variables that control or limit distribution, abundance, reproduction, growth, survival, and
productivity of the managed spzcies is included.

Essential Fish Habitat for Golden Crab

Essential fish habitat for golden crab includes the U.S. Continental Shelf from
Chesapeake Bay south through the Florida Straits (and into the Gulf of Mexico). In addition, the
Gulf Stream is an essential fish habitat because it provides a mechanism to disperse golden crab
larvae. The detailed description of seven essential fish habitat types (a flat foraminferan ooze
habitat; distinct mounds, primarily of dead coral; ripple habitat; dunes; black pebble habitat; low
outcrop; and soft-bioturbated habitat) for golden crab is provided in Wenner et al. (1987).

Essential Fish Habitat-Habitat Areas of Particular Concern for Golden Crab

There is insufficient knowledge of the biology of golden crabs to identify spawning and
nursery areas and to identify HAPCs at this time. As information becomes available, the Council
will evaluate such data and identify HAPCs as appropriate through the framework.

43  Description of Habitat
Description of the Species and Distribution

The golden crab, Chaceon fenneri, is a Jarge gold or buff colored species inhabiting the
continental slope of Bermuda (Luckhurst, 1986; Manning and Holthuis, 1986) and the
southeastern United States from off Chesapeake Bay (Schroeder, 1959), south through the Straits
of Florida and into the eastern Gulf of Mexico (Manning and Holthuis, 1984, 1986; Otwell et al.,
1984; Wenner et al., 1987, Erdman 1990).

Reported depth distributions of C. fenneri range from 205 m off the Dry Tortugas
(Manning and Holthuis, 1984) to 1007 m off Bermuda (Manning and Holthuis, 1986). Size of
males examined range from 34 to 139 mm carapace length (CL) and females range from 39 to
118 mm CL. Ovigerous females have been reported during September, October and November,
and range in size from 91 to 118 mm CL (Manning and Holthuis, 1984, 1986).”

Larval Distribution & Recruitment

The following text is from Lockhart et al. (1990):

“The distribution patterns of Chaceon fenneri and possibly C. quinquedens in the eastern
Gulf of Mexico suggest a causal role for the Loop Current System (Maul 1977) in basic life
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history adaptations. Female distribution within these species” geographic ranges and the timing
of larval release supports this hypothesjs. Ours was the first study to discover female golden
crabs in any significant numbers and was also the first to find a major population of female red
crabs in the Gulf of Mexico. Both of these concentrations of females were seemingly shifted
counter-current to the Loop Current circulation. We hypothesize that this counter-current shift is
linked to larval release and transport, and serves to maximize recruitment into the parent
population by minimizing risk of larval flushing.

~ Similar counter-current shifts of other female decapods have been reported or
hypothesized. In the Gulf of Mexico, spawning female blue crabs (Callinectes sapidus) have
been hypothesized to undergo a late summer spawning migration in the northeastern Gulf of
Mexico that is counter to the Loop Current system (Oesterling and Adams 1979). Female
western rock lobsters (Panulirus cygnus) are hypothesized to undergo migration to favor
recruitment back into the parent population (Phillips et al. 1979). Kelly et al. (1982) proposed
that only those red crab larvae (Chaceon quinguedens) released up-current in the species’ range
will recruit back into the parent population. Melville-Smith (1987a, 1987b, 1987c¢) in a tagging
study of red crabs (C. maritae) off theoast of southwest Africa, showed that the only segment
of the population exhibiting significant directional movement were adult females: 32% of
recaptures had moved greater than 100 km and the greatest distance traveled was 380 km over §
yr. This directional movement was later shown to be counter to the prevailing surface currents
(Melville-Smith 1990). Thus, within decapods in general, and the genus in particular, adult
females are capable of, and appear to undergo, long-distance directional movement in their
lifetimes.

A similar migration of adult female golden crabs, counter-current to Loop Current
circulation in the Gulf of Mexico, would produce the geographic population structure observed
off the southeastern United States. Females would be most common farthest up-current whereas
males would be most common intermediate in the species geographic range. Wenner et al.
(1987) reported a 15:1 (M:F) sex ratio in the South Atlantic Bight and in this study, we had an
overall sex ratio of 1:4 — both consistent with hypothesized net female movements to
accommodate larval retention and offset the risk of larval flushing.

In fact, given this, two female strategies could maximize recruitment in a prevailing
current. The first is for females to position themselves far enough up current so that entrainment
would return larvae to the parent population (Sastry 1983). The second is to avoid larval
entrainment altogether and thus avoid flushing of the larvae out of the system. Female Chaceon
fenneri, and perhaps C. quinquedens, appear to use both strategies but rely mainly on the latter.

Female golden crabs release larvae offshore in depths usually shallower than 500 m. If
larvae were released directly into the Loop Current-Gulf Stream System, they would be entrained
for their entire developmental period. Given a developmental time of 33-40 d at 18°C (K. Stuck,
Gulf Coast Research Laboratories, Ocean Springs, Mississippi, pers. comm.) and current speeds
of 10-20 cm/sec (Sturges and Evans 1983), transport of the larvae would be 285 km to 690 km
downstream. Thus, larvae released on the Atlantic side of Florida are in danger of being flushed
out of the species’ range before recruiting to the benthic stock. Likewise, larvae released directly
into the current in the southeastern Gulf of Mexico would be flushed from the Gulf.

Female golden crabs release larvae from February to March (Erdman and Blake 1988;
Erdman et al. 1989) and the greatest concentration of female golden crabs to date found in this
study was in the northeastern Gulf of Mexico off central Florida. Only during this period and in
this region (Maul 1977), can female golden crabs avoid complete entrainment and possible
flushing of larvae out of the system. Partial entrainment of larvae might still occur, but its
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duration should be much reduced, and the risk of larval flushing minimal. This hypothesis
predicts that most larvae should be found near the concentrations of females we found in the
northeastern Gulf of Mexico with decreasing settlement further downstream. The abundance of
juveniles should show a similar pattern. ‘

One need not invoke similar counter-current movements for male geryonid crabs. In
particular, males moving perpendicular to adult females (i.e. males moving up and down the
continental slope) would have a greater encounter rate with females than males moving along the
slope with fernales. Given low female reproductive frequency (Erdman et al. 1989), intense
male-female competition (Lindberg and Lockhart 1988), and probability of multiple broods
(Hinsch 1988) froma single protracted copulation (H. M. Perry, pers. obs.), the male strategy
should be to intercept relatively rare receptive females all along the species’ range, not to
aggregate with presumably inseminated females. This hypothesis would predict a relatively
uniform abundance of males along their geographic range. In addition, the incidence of
inserninated females should be high farthest upstream with an ever decreasing percentage down-
stream. Our study supports the former hypothesis but we cannot address the latter.

The distributional patterns of geryonid crabs we observed are consistent with those
reported from elsewhere. Furthermore, these patterns lead us to suggest that the Loop Current
System has had a causal role in life history adaptations of Chaceon fenneri and perhaps C.
quinquedens- In general, females are expected to release larvae during a time and in a region
where risk of larval flushing is minimal (Sinclair 1988), whereas males are expected to compete
intensely for rare, receptive mates.”

The coastal physical oceanography in the Florida Keys was described by Yeung (1991) in
a study of lobster recruitment:

«The strong, northward-flowing Florida Current is the part of the Gulf Stream system
confined within the Straits of Florida. It continues from the Loop Current in the Gulf of Mexico,
and proceeds beyond Cape Hatteras as the North Atlantic Gulf Stream.

The mean axis of the Florida Current is approximately 80 km offshore of Key West and
25 km off Miami (Lee et al. 1991). Mean annual cross-stream surface current speed in the
Straits of Florida is approximately 100 cm/s (U.S. Naval Oceanographic Office 1965).

Brooks and Niller (1975) observed a persistent countercurrent near Key West extending
from surface to the bottom, and from nearshore to approximately 20 km seaward. They believed
that it was part of the cyclonic recalculation of the Florida Current between the Lower and
Middle Keys.

The presence of a cold, cyclonic gyre was confirmed by physical oceanographic data
collected in the SEFCAR cruises. It was named the Pourtales Gyre since it occurs over the
Pourtales Terrace -- that area of the continental shelf off the Lower and Middle Keys (Lee et al.
1991). When the Florida Current moves offshore, the Pourtales Gyre forms over the Pourtales
Terrace, and can last for a period of 1-4 weeks.

The Pourtales Gyre could entrain and retain locally spawned planktonic larvae for a short
period. The combination of the cyclonic circulation and enhanced surface Ekman transport
could also advect foreign arrivals into, and concentrate them at, the coastal boundary (Lee et al.
1991).

Vertical distribution of the larvae within the 3-dimensional circulation will subject them
to complicated hydrographic gradients, which might influence their development time, and hence
their dispersal potential (Kelly, Sulkin, and van Heukelem 1982; Sulkin and McKeen 1989).
Thus, variability in the circulation features and water mass properties can lead to variability in
jarval transport and recruitment.”
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The Pourtales Gyre may provide a mechanism for entrainment of golden crab larvae
spawned on the Florida east coast, and also as a mechanism to entrain and advect larvae from the
Gulf and Caribbean (e.g., Cuba). This possibility is supported by the conclusion of Yeung
(1991) suggesting that larvae of a foreign origin supply recruits to the Florida spiny lobster
population:

“The foreign supply of pre-recruits arriving with the Florida Current might easily meet
the same fate as the locally spawned larvae, that is, passing on with the Florida Current. The
Pourtales Gyre may play a significant role in recruitment by providing a physical mechanism to
entrain and advect larvae into the coastal boundary.

The Pourtales Gyre, even if linked with the Dry Tortugas gyre or the Florida Bay
circulation, may not be able to provide a pathway much more than 2 months in period. For
locally spawned Panulirus larvae to be retained for their entire development would require
several circuits -- not impossible, but unlikely” '

The timing of the Pourtales Gyre provides a mechanism for local recruitment of Scyllarus
larvae (Yeung, 1991) and may also provide a similar mechanism for golden crab larvae. Golden
crab larvae from the Gulf of Mexico, Cuba, and possibly other areas of the Caribbean, probably
provide larvae to the South Atlantic population. The proportion of local recruitment is unknown

but could be significant.
Feeding

Feeding habits are very poorly known. Golden crabs are often categorized as scavengers
that feed opportunistically on dead carcasses deposited on the bottom from overlying waters

(Hines, 1990).

Movement

Wenner et al. (1987) found in the South Atlantic Bight that: Size-related distribution of
G. fenneri with depth, similar to that reported for red crab, may occur in the South Atlantic
Bight. We found the largest crabs in the shallowest (274-366 m) and deepest (733-823 m) strata.
A clear trend of size-related up-slope migrations such as Wigley et al. (1975) reported for G.
quinquedens is not apparent, however, because of trap bias for capture of larger crabs of both
sexes. Otwell et al. (1984) also noted no pattern in size of golden crab by depth for either sex.
Tagging studies of red crab off southern New England provided no evidence for migration
patterns and indicated instead that tagged crabs seldom moved more than 20 km from their site
of release (Lux et al., 1982).”

Lindberg and Lockhart (1993) found in the Gulf of Mexico: * The golden crab Chaceon
fenneri in the eastern Gulf of Mexico exhibits a typical bathymetric pattern of partial sex
zonation and an inverse size-depth relationship, as first reported for red crabs (C. quinquedens:
Wigley et al., 1975; C. maritae: Beyers and Wilke, 1980). Sex segregation, with females
shallower than most males, was more evident in our results than in those of Wenner et al. (1987)
from the South Atlantic Bight, primarily because our trap catch had a higher proportion of

females (25.9% compared to 5.2%).”

Abundance
Golden crab abundance studies are limited. Data from the South Atlantic Bight (Wenner

et al., 1987) estimated abundance from visual assessment was 1.9 crabs per hectare while traps
caught between 2 and 10 kg per trap. Wenner and Barans (1990) estimated the golden crab
population in small areas of 26-29 square km between 300-500 m off Charleston to be 5,000-
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6,000 adult crabs. In the eastern Gulf of Mexico adult standing stock was estimated to be 7.8
million golden crabs and the biomass was estimated to be 6.16 million kg (13.6 million pounds)
(Lindberg et al., 1989). Experimental trapping off Georgia yielded an average catch of 7 kg per
trap (Kendall, 1990).

Habitats Identified in the Habitat Plan Which Constitute the Ecosystem Used by Managed
Species including Golden Crab
A. Marine/Offshore Essential Fish Habitat

Marine offshore habitats include live/hard bottom, coral and coral reefs, artificial/manmade
reefs, pelagic Sargassum and water column habitat. Section 3.2 presents individual detailed
descriptions including species use of these habitats.

Live/Hard Bottom Habitat

Major fisheries habitats on the Continental Shelf along the southeastern United States from
Cape Hatteras to Cape Canaveral (South Atlantic Bight) can be stratified into five general categories:
coastal, open shelf, live/hard bottom, shelf edge, and lower shelf based on type of bottom and water
temperature. Each of these habitats harbors a distinct association of demersal fishes (Struhsaker
1969) and invertebrates. The description of this essential fish habitat presented in Section 3.2.1.2,
segregates the region into two sections: a) Cape Hatteras to Cape Canaveral; and b) Cape Canaveral
to the Dry Tortugas. These regions represent temperate, wide-shelf systems and tropical, narrow-
shelf systems, respectively. The zoogeographic break between these regions typically occurs
between Cape Canaveral and Jupiter Inlet.

Covered by a vast plain of sand and mud underlain at depths of less than a meter by
carbonate sandstone is relatively unattractive to fish. Live/hard bottom, usually found near
outcropping shelves of sedimentary rock in the zone from 15 to 35 fathoms and at the shelf break, a
zone from about 35 to 100 fathoms where the Continental Shelf adjoins the deep ocean basin and is
often characterized by steep cliffs and ledges. The live bottom areas constitute essential habitat for
warm-temperate and tropical species of snappers, groupers, and associated fishes including 113
species of reef fish representing 43 families of predominately tropical and subtropical fishes off the
coasts of North Carolina and South Carolina.

The distribution of live/hard bottom habitat in the south Atlantic region is presented in the
hardbottom maps in Section 3.2. These geographic coverage’s are a compilation of the four state
bottom mapping effort in the South East Monitoring and Assessment Program (SEAMAP). The
Florida Marine Research Institute developed uniform ArcView coverage’s of hard bottom habitat
(including coral, coral reefs, live/hard bottom, and artificial reefs) as a 1998 SEAMAP program and
provided it to the Council for inclusion into the south Atlantic essential fish habitat distribution data

base and GIS system.

Coral and Coral Reefs

Coral reef communities or solitary specimens exist throughout the south Atlantic region from
nearshore environments to continental slopes and canyons, including the intermediate shelf zones.
Habitats supporting corals and coral-associated species are discussed below in groupings based on
their physical and ecological characteristics. Dependent upon many variables, corals may dominate
a habitat, be a significant component, or be individuals within a community characterized by other
fauna. Geologically and ecologically, the range of coral assemblages and habitat types is equally
diverse. The coral reefs of shallow warm waters are typically, though not always, built upon
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coralline rock and support a wide array of hermatypic and ahermatypic corals, finfish, invertebrates,
plants, and microorganisms. Hard bottoms and hard banks, found on a wider bathymetric and
geographic scale, often possess high species diversity but may lack hermatypic corals, the supporting
coralline structure, or some of the associated biota. In deeper waters, large elongate mounds called
deepwater banks, hundreds of meters in length, often support a rich fauna compared to adjacent
areas. Lastly are communities including solitary corals. This category often lacks a topographic
relief as its substrate, but instead may use a sandy bottom, for example. Coral habitats (i.e., habitats
to which coral is a significant contributor) are divided into five categories - solitary corals, hard
bottoms, deepwater banks, patch reefs, and outer bank reefs. The order of presentation approximates
the ranking of habitat complexity based upon species diversity (e.g., zonation, topographic relief,
and other factors). Although attempts have been made to generalize the discussion into definable
types, it must be noted that the continuum of habitats includes many more than these five distinct
varieties. '

The ecological value, function and distribution of this essential fish habitat is described in
Section 3.2.1.2. The distribution of live/hard bottom habitat in the south Atlantic region is presented

in the hardbottom maps in Section 3.2.

Water Column
Specific habitats in the water column can best be defined in terms of gradients and

discontinuities in temperature, salinity, density, nutrients, light, etc. These “structural”
components of the water column environment are not static, but change both in time and space.
Therefore, there are numerous potentially distinct water column habitats for a broad array of
managed species and life-stages within species.

The discussion of the ecological function of water column habitat and importance to
managed species is presented in Section 3.23.2.

Detailed Golden Crab Habitat Description

Based on exploratory trapping, golden crab maximum abundance occurs between 367
and 549 meters in the South Atlantic Bight. Information on sediment composition suggest that
golden crab abundance is influenced by sediment type with highest catches on substrates
containing a mixture of silt-clay and foraminiferan shell. Wenner et al. (1987) further notes:
“Other studies have described an association of G. quinquedens with soft substrates. Wigley et
al. (1975) noted that bottom sediments throughout the area surveyed for red crab from offshore
Maryland to Corsair Canyon (Georges Bank) consisted of a soft, olive-green, silt-clay mixture.
If golden crabs preferentially inhabit soft substrates, then their zone of maximum abundance may
be limited within the South Atlantic Bight. Surveys by Bullis and Rathjen (1959) indicated that
green mud occurred consistently at 270-450 m between St. Augustine and Cape Canaveral, FL
(30°N and 28°N). This same depth range from Savannah, GA to St. Augustine was generally
characterized by Bullis and Rathjen (1959) as extremely irregular bottom with some smooth
limestone or “slab” rock present. Our study indicates, however, that the bottom due east between
Savannah and St. Catherines Island, GA at 270-540 m consists of mud and biogenic ooze.
Further north from Cape Fear, NC to Savannah, bottom topography between 270 and 450 m is
highly variable with rocky outcrops, sand and mud ooze present (Low and Ulrich, 1983).”

In a subsequent study using a submersible, Wenner and Barans (1990) found the greatest
abundance in rock outcrops:

Observations on density and a characterization of essential habitat for golden crab,
Chaceon fenneri, were made from a submersible along 85 transects in depths of 389-567 m
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approximately 122 km southeast of Charleston, South Carolina. Additional observations on
habitat were made on 16 transects that crossed isobaths between 203-517 m.

Seven essential habitat types can be identified for golden crab from observations:
. A flat foraminiferon ooze habitat (405-567 m) was the most frequently encountered
habitat. This habitat type is characterized by pteropod-foraminiferan debris mixed with larger
shell fragments, @ sediment surface mostly covered with a black phosphorite precipitate;

. Distinct mounds, primarily of dead coral at depths of 503 to 555 meters and constituted
20% of the bottom surveyed on dives to count crabs. Coral mounds rose approximately 15 to 23
meters in height above the surrounding sea floor and included several that were thinly veneered
with a fine sediment and dead coral fragments, as well as a number that were thickly encrusted
with live branching ahermatypic corals (Lophelia prolifera and Enallopsammia profunda). Fan-
shaped sponges, pennatulids and crinoids were oriented into the northerly 1.4-1.9 km- h! current.
The decapod crustaceans Bathynectes longispina, Heterocarpus ensifer and Eumunida pita, the
black-bellied rosefish, Helicolenus dactylopterus, and the wreckfish, Polyprion americanus,
were frequently sighted along transects in the coral mound habitat.

. Ripple habitat (320-539 m); dunes (389-472 m); black pebble habitat (446-564 m); low
outcrop (466-512 m); and soft-bioturbated habitat (293-475 m). A total of 109 C. fenneri were
sighted within the 583,480 m2 of bottom surveyed. Density (mean no. per 1,000 m?) was
significantly different among habitats, with highest values (0.7 per 1,000 m?) noted among low
rock outcrops. Lowest densities were observed in the dune habitat (<0.1 per 1,000 m?), while

Jensities for other habitats were similar (0.15-0.22 per 1,000 m?).”
A similar submersible study in the eastern Gulf of Mexico (Lindberg and Lockhart, 1993)

found similar results with higher abundance on hard bottom: “Within the bathymetric range of
golden crabs, crab abundance may be related more to habitat type than to depth. The greatest
density (36.5 crabs/ha) occurred on or near hard-bottom canyon features.”

Golden crab occupy offshore oceanic waters along the Atlantic and Gulf of Mexico
coasts as adults. Offshore areas used by adults are probably the least affected by habitat
alterations and water quality degradation. Currently, the primary threat comes from oil and gas
development and production, offshore dumping of dredged material, disposal of chemical and
other wastes, and the discharge of contaminants by river systems.

4.4  The Effects of Fishing Gear on the Ecosystem and Prior Council Action
Pursuant the guidelines implementing the essential fish habitat provisions of the

Magnuson-Stevens Act, conservation and enhancement measures implemented by the Council
may include ones that eliminate or minimize physical, chemical, or biological alterations of the
substrate, and loss of, or injury to, benthic organisms, prey species and their habitat, and other
components of the ecosystem. The Council has implemented restrictions on fisheries to the
extent that no significant activities were identified in the review of gear impact conducted for the
NMES by Auster and Langton (1998) that presented available information on adverse effects of
all fishing equipment types used in waters described as EFH. The Council has already

revented, mitigated, or minimized most adverse effects from most fisheries prosecuted in the

South Atlantic EEZ.
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The Council considered evidence that some fishing practices are having an identifiable
adverse effect on habitat, and addressed these in the comprehensive habitat amendment. The
Council has already used many of the options recommended in the essential fish habitat guidelines
for managing adverse effects from fishing including: fishing equipment restrictions; seasonal and
aerial restrictions on the use of specified equipment; equipment modifications to allow the escape of
particular species or particular life stages (e.g., juveniles); prohibitions on the use of explosives and
chemicals; prohibitions on anchoring or setting equipment in sensitive areas; prohibitions on fishing
activities that cause significant physical damage in EFH; time/area closures including closing areas =
to all fishing or specific equipment types during spawning, migration, foraging, and nursery
activities; designating zones for use as marine protected areas to limit adverse effects of fishing
practices on certain vulnerable or rare areas/species/life history stages, such as those areas
designated as habitat areas of particular concern; and harvest limits.

More specifically, the Council has protected habitat essential to managed species by
regulating fisheries to reduce or eliminate the direct or indirect impacts of fishing. With the
implementation of the Coral Fishery Management Plan and subsequent amendments to that plan, the
Council has protected coral, coral reefs, and live/hard bottom habitat in the south Atlantic region by
establishing an optimum yield of zero and prohibiting all harvest or possession of these resources
which serve as essential fish habitat to many managed species. Another measure adopted by the
Council and implemented through the coral plan was the designation of the Oculina Bank Habitat
Area of Particular Concem, a unique and fragile deepwater coral habitat off southeast Florida that is
protected from all bottom tending fishing gear damage. The Council has also prohibited the use of
the following gears in the snapper grouper fishery management plan to protect habitat: bottom
longlines in the EEZ inside of 50 fathoms or anywhere south of St. Lucie Inlet Florida, fish traps,
bottom tending (roller-rig) trawls on live bottom habitat, and entanglement gear. Also established
under the snapper grouper plan is an Experimental Closed Area (experimental marine reserve) where
the harvest or possession of all species in the snapper grouper complex is prohibited. Other actions
taken by the Council that directly or indirectly protect habitat or ecosystem integrity include: the
prohibition of rock shrimp trawling in a designated area around the Oculina Bank, mandatory use of
bycatch reduction devices in the penaeid shrimp fishery, a prohibition of the use of drift gill nets in
the coastal migratory pelagic fishery; and a mechanism that provides for the concurrent closure of
the EEZ to penaeid shrimping if environmental conditions in state waters are such that the
overwintering spawning stock is severely depleted.
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45 Endangered Species and Marine Mammal Acts

The Sustainable Fisheries Act of 1996 established certain requirements and standards the
Councils and the Secretary must meet in managing fisheries under the Magnuson-Stevens Act.
Implementing the provisions in the SFA will not have any negative impacts on the listed and
protected species under the Endangered Species Act (ESA) and Marine Mammals Protection Act

(MMPA) including:

Whales: ‘
(1)  Northern right whale- Eubalaena glacialis (ENDANGERED)
() Humpback whale- Magaptera novaeangliae (ENDANGERED)
(3)  Fin whale- Balaenoptera physalus (ENDANGERED)
(4)  Seiwhale- Balaenoptera borealis (ENDANGERED)
5) Sperm whale- Physeter macrocephalus (ENDANGERED)
(6) Blue whale- Balaenoptera musculus (ENDANGERED)

Sea Turtles:
(1) Kemp’s ridley turtle- Lepidochelys kempii (ENDANGERED)
@) Leatherback turtle- Dermochelys coriacea (ENDANGERED)
(3)  Hawksbill turtle- Eretmochelys imbricata (ENDANGERED)
4) Green turtle- Chelonia mydas (THREATENED/ENDANGERED)
(5) Loggerhead turtle- Caretta caretta (THREATENED)

Other Species Under U.S. Fish and wildlife Service Jurisdiction:
(1)  West Indian manatee- Trichechus manatus (ENDANGERED)
(Critical Habitat Designated)
(2)  American crocodile - Crocodulus acutus (ENDANGERED)
(Critical Habitat Designated)
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Date Listed
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7.0  APPENDICES :
Appendix A. Results of Literature Search For Golden Crab

TI: Title
The golden crab (Geryon fenneri ) fishery of Southeast Florida.

AU: Author
Erdman, RB; Blake, NJ

AF: Author Affiliation
Dep. Mar. Sci., Univ. South Florida, St. Petersburg, FL 33701, USA

CA: Corporate Author
Florida Univ., Gainesville (USA). Sea Grant Coll. Program

CF: Conference
12. Annual Conference of the Tropical and Subtropical Fisheries
Technological Society of the Americas, Orlando, FL (USA), 9-11 Nov
1987

SO: Source
PROCEEDINGS: TWELFTH ANNUAL CONFERENCE OF THE TROPICAL AND
SUBTROPICAL FISHERIES TECHNOLOGICAL SOCIETY OF THE AMERICAS.,
1988, pp. 95-106, REP. FLA. SEA GRANT COLL. PROGRAM.

NU: Other Numbers
FSGR-92

AB: Abstract
Because of marketing problems compounded by distances > 100 miles
to the fishing grounds, gear loss and the absence of information
on the distribution and biology of this species, commercial golden
crab operations in the eastern Gulf of Mexico ceased by mid-1985.
In February 1986, the authors began a study of the biology of
Geryon fenneri as collected from this southeast Florida fishery.

- Reproductive biology, size and weight relationships, trap design

and catch per unit effort were examined to ascertain additional
information relative to the study of this potentially valuable
species.

TI: Title
Reproductive ecology of female golden crabs, Geryon fenneri
Manning and Holthuis, from southeastern Florida.
AU: Author
Erdman, RB; Blake, NJ
AF: Author Affiliation
Dep. Mar. Sci., Univ. South Florida, 140 7th Ave. South, St.
Petersburg, FL 33701, USA
SO: Source
Journal of crustacean biology. Washmgton DC [J. CRUST. BIOL.],
vol. 8, no. 3, pp. 392-400, 1988
IS: ISSN
0278-0372
AB: Abstract
A-1
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Examination of deep-water female golden crabs collected monthly
from the southeastern coast of Florida indicates an annual
reproductive cycle with a single batch of eggs produced each year.
Oviposition begins in late August and continues through October
with eggs retained for approximately 6 months until hatching

during late February and March. Sizes of ovigerous females :
examined ranged from 96 to 147 mm carapace width (CW). Extruded
eggs averaged 540 mu m in diameter, increasing to between 580 and
600 mu m prior to hatching. Fecundity estimates range from 131,000
to 347,000 eggs with brood size highly correlated to CW. Changes
in gonopore margins associated with molting and the onset to -
ovarian activity indicated that size at sexual maturity is between

85 and 100 mm CW. Although sampling depth ranges were limited,
Geryon fenneri may display similar segregation by sex and size
depth as other species of Geryon .

TI: Title
Comparative reproduction of the deep-sea crabs Chaceon fenneri and

'C. quinquedens (Brachyura: Geryonidae) from the northeast Gulf of

Mexico.

AU: Author
Erdman, RB; Blake, NJ; Lockhart, FD; Lindberg, WJ Perry, HM
Waller, RS

AF: Author Affiliation
Florida Inst. Oceanogr., 830 1st St. S., St. Petersburg, FL 33701,
USA

SO: Source
Invertebrate reproduction and development. Rehovot [INVERTEBR

REPROD. DEV.], vol. 19, no. 3, pp. 175-184, 1991
- IS: ISSN
0168-8170

AB: Abstract ' _
Northeastern Gulf of Mexico populations of deep-sea golden crabs

(Chaceon fenneri ) and red crabs (C. quinquedens ) were sampled
quarterly from May 1987 through February 1988 to examine the
timing of reproductive events. C. fenneri was most abundant at

sample depths between 311 and 494 m while C. quinquedens showed a
minimum depth of occurrence of 677 m. Both species exhibited an
annual reproductive cycle with a distinct winter brooding period.
However, oviposition in C. quinquedens began in May, approximately
three months earlier than.in.C. fenneri ; consequently the single

batch of eggs produced were brooded for nine months in C.
quinquedens and six months in C. fenneri . Larvae of both species
hatched during February and March of the following year.

Differences in the duration of reproductive events may reflect the
segregated bathymetric distribution of each species. The incidence

of molting females and non-ovigerous females observed during the

A-2
Draft Golden Crab SAFE Report



. _Appendix A. Results of Literature Search for Golden Crab

fall-winter brooding period suggests that although both species
reproduce annually on the population level, individuals may
reproduce biennially. This low frequency of reproduction may be a
consequence of the reduced food supply characteristic of the
continental slope environment.

TI: Title i
Oxygen consumption of the deep-sea crabs Chaceon fenneri and C.
quinquedens (Brachyura: Geryonidae).

AU: Author .

" Erdman, RB; Blake, NJ; Torres, JJ

AF: Author Affiliation
Dep. Mar. Sci., Univ. South Florida, 140 7th Ave. S., St.
Petersburg, FL 33701, USA

SO: Source
Comparative Biochemistry and Physiology, A [COMP. BIOCHEM.
PHYSIOL., A.], vol. 99A, no. 3, pp. 383-385, 1991

IS: ISSN
0300-9629

AB: Abstract :
Oxygen consumption rates (VO sub(2)) were determined for the

deep-sea crabs Chaceon fenneri) and C. quinquedens , two important
members of the continental slope megafauna in the eastern Guif of
Mexico. The VO sub(2) of C. fenneri) declined from 0.014mlO
sub(2)/g/hr at 12 degree C to 0.010 ml1 O sub(2)/g/hr at 6 degree

C; VO sub(2) of C. quinquedens) showed a decline from 0.012 ml o
sub(2)/g/hr to 0.008 ml O sub(2)/g/hr over the same temperature
range. The VO sub(2) of C. fenneri) and C. quinquedens are
comparable to those of similar size shallow water decapod
crustaceans that inhibit equivalent temperatures. The oxygen
consumption rates of C. fenneri and C. quinquedens decline with
increasing depth of occurrence purely as a function of

temperature.

TI: Title
Physiology of two species of deep-water crabs, Chaceon fenneri and

C. quinquedens ; Gill morphology, and hemolymph ionic and nitrogen
concentrations.
AU: Author
Henry, RP; Perry, HM; Trigg, CB; Handley, HL; Krarup, A
AF: Author Affiliation
Dep. Zool. Wildl. Sci. and Alabama Agric. Exp. Stn., 101 Cary
Hall, Auburn Univ., Auburn, AL 36849-5414, USA
SO: Source
Journal of crustacean biology. Washington DC [J. CRUST. BIOL.],
vol. 10, no. 3, pp- 375-381, 1990 '
IS: ISSN ’
A-3
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0278-0372

AB: Abstract :
The general physiology of two spp. of deep-water crabs Chaceon

fenneri and C. quinquedens , found in thermally stable
environments at moderate depths, was investigated.
Structure-function relationships of the gills indicate animals

that are typical of environments characterized by high and stable
salinity. The gill lamellae are composed entirely of respiratory
epithelium; no ion-transporting "chloride cells" were observed.
Carbonic anhydrase, a marker enzyme for ion transport in the gill,
was present in very low levels of activity, and blood osmotic and
ionic concentrations were not different from ambient at salinities
of either 35 or 20 ppt. Animals failed to survive in salinities <

20 ppt. Oxygen uptake values were typical of cold-water, benthic
species, regardless of habitat depth. C. quinquedens appears to
have both a higher rate of oxidative metabolism and a higher rate
of protein metabolism than C. fenneri , which may be indicative of
a higher rate of growth. Both spp., however, appear to be
physiologically similar to stenohaline marine decapods from cold,

shallow-water habitats.

TI: Title
Respiratory and cardiovascular responses of two species of

deep-sea crabs, Chaceon fenneri and C. quinquedens , in normoxia
and hypoxia.

AU: Author
Henry, RP; Handley, HL; Krarup, A; Perry, HM

AF: Author Affiliation
Dep. Zool. and Wildl. Sci., 101 Cary Hall, Auburn Univ., Auburn,
Al 36849-5414, USA

SO: Source ‘
Journal of crustacean biology. Washington DC [J. CRUST. BIOL.],

vol. 10, no. 3, pp. 413-422, 1990
IS: ISSN
0278-0372

AB: Abstract
The respiratory and cardiovascular variables in Chaceon fenneri

and C. quinquedens were examined in animals during normoxia,
animals exposed to hypoxia, and animals allowed to recover in .
normoxia. C. fenneri was characterized by a relatively low

metabolic rate (low.oxygen uptake), and.low ventilatory frequency.
This species displayed a pattern of oxy-independent O sub(2)

uptake when exposed to hypoxia: MO sub(2) was maintained primarily
through hyperventilation. At an environmental PO sub(2) of about

25 torr, respiratory and cardiovascular functions shut down, and

the animal appeared to make the transition to exclusively

anaerobic energy production. Oxygen uptake in resting C.
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quinquedens) was roughly double that in C. fenneri and ventilatory
frequency was 3-fold higher: MO sub(2) declined in hypoxia and
hyperventilation was absent, a more typical oxy-dependent pattern
of respiration. The ambient PO sub(2) at which ventilatory and
cardiovascular shutdown occurred was about 17 torr, but oxygen

_ uptake continued at very low levels even in severe hypoxia.

TI: Title .
Fecundity and reproductive output in two species of deep-sea

crabs, Geryon fenneri and G. quinquedens (Decapoda: Brachyura).

AU: Author ,
Hines, AH

AF: Author Affiliation
Smithsonian Environ. Res. Cent., P.O. Box 28, Edgewater, MD 21037,
USA

SO: Source .
Journal of crustacean biology. Washington DC [J. CRUST. BIOL.],

vol. 8, no. 4, pp- 557-562, 1988
IS: ISSN
0278-0372

AB: Abstract
Brood weight, fecundity, and egg size as a function of female body

size were compared in the deep-sea red crab Geryon quinquedens and
the deep-sea golden crab Geryon fenneri . Females of G. fenneri
attained a larger body size then G. quinquedens , and body size in
both species was the main determinant of reproductive output
(brood mass) and fecundity per brood. Both species differed from
most other brachyurans in having larger reproductive outputs,
larger eggs, and lower fecundities relative to their large body
sizes. After statistical adjustment for differences in body size
between the two species, G. quinquedens had space in the body
cavity for yolk accumulation and a brood mass which were 50%
larger than G. fenneri .

TI: Title
Morphology of the reproductive tract and seasonality of
reproduction in the golden crab Geryon fenneri from the eastern
Gulf of Mexico.
AU: Author
Hinsch, GW
AF: Author Affiliation
Dep. Biol., Univ. South Florida, Tampa, FL 33620, USA
SO: Source
Journal of crustacean biology. Washington DC [J. CRUST. BIOL.],
vol. 8, no. 2, pp. 254-261, 1988
IS: ISSN
0278-0372
A-5
Draft Golden Crab SAFE Report



Appendix A. Results of Literature Search for Golden Crab

AB: Abstract
Reproduction and anatomy of the réproductive tracts of males and

females of the golden crab Geryon fenneri were studied for one
year (1984-1985) in specimens collected from deep water of the
-eastern Gulf of Mexico. The male crab is larger than the female.
‘Their reproductive tracts are typical of brachyurans.

TI: Title
Ultrastructure of the sperm and spermatophores of the golden crab
Geryon fenneri and a closely related species, the red crab G.
quinquedens , from the eastern Gulf of Mexico.

AU: Author
Hinsch, GW

AF: Author Affiliation
Dep. Biol., Univ. South Florida, Tampa, FL 33620, USA

SO: Source
Journal of crustacean biology. Washington DC [J. CRUST. BIOL ],
vol. 8, no. 3, pp. 340-345, 1988

IS: ISSN
0278-0372

AB: Abstract
The sperm of species of Geryon are typical of brachyurans in
having a complex acrosome, a membranous lamellar complex,
uncondensed chromatin in the nucleus, and nuclear arms or spikes
of varying lengths. There are no microtubular elements in the
arms. The spermatophores are ellipsoidal or round and contain
varying numbers of sperm. The wall of each spermatophore is
two-layered and fairly impermeable to fixatives. Globules of
seminal fluid surround the spermatophores in the vasa deferentia.

TI: Title
Spatial patterns of abundance for deep-water golden crab (Geryon
fenneri ) and red crab (G. quinquedens ) in the eastern Gulf of
Mexico.

AU: Author
Lindberg, WIJ; Lockhart, F; Perry, H; Waller, R

AF: Author Affiliation
Dep. Fish. and Aquacult., Univ. Florida, 7922 N.W. 71st St.,
Gainesville, FL 32606, USA

CA: Corporate Author
Florida Univ., Gainesville (USA). Sea Grant Coll. Program

CF: Conference
12. Annual Conference of the Tropical and Subtropical Fisheries
Technological Society of the Americas, Orlando, FL (USA), 9-11 Nov
1987 .o

SO: Source
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PROCEEDINGS: TWELFTH ANNUAL CONFERENCE OF THE TROPICAL AND
SUBTROPICAL FISHERIES TECHNOLOGICAL SOCIETY OF THE AMERICAS,,
1988, p. 671, REP. FLA. SEA GRANT COLL. PROGRAM.

NT: Notes
Abstract only.
NU: Other Numbers
FSGR-92

AB: Abstract -
Submersible transects and trap sampling confirmed concentrations

of golden crabs (Geryon fenneri ) (1) along intermediate depth
contours, associated with rock outcroppings, and (2) off
peninsular Florida rather than the northern Gulf. Red crabs
(Geryon quinquedens ) were deeper and at northern as well as
southern stations. Both species showed sex differences in

distribution.

TI: Title
Geryonid crabs and associated continental slope fauna: A research
workshop report.

AU: Author
Lindberg, WJ; Wenner, EL

CA: Corporate Author
Florida Sea Grant Coll. Program, Gainesville, (USA)

SO: Source
TECH. PAP. FLA. SEA GRANT PROGRAM., 1990, 74 pp

NT: Notes
NTIS Order No.: PB90-190620/GAR.

NU: Other Numbers

- FSG-TP-58

AB: Abstract )
Considerable research in recent years has been invested in the
basic biology, ecology, and fisheries of deep-water crabs. Family
Geryonidae. These efforts have been concentrated off the
southeastern United States and southwest Africa, following earlier
work from the Mid-Atlantic states of the U.S. to the Canadian
Maritime Provinces. Species of primary interest have been the
golden crab, Chaceon fenneri , and the red crabs Chaceon maritae
and Chaceon quinquedens . On January 19 and 20, 1989, an invited
panel of scientists, fishermen, and Sea Grant Extension faculty
met in Tampa, Florida to share their results, conclusions, and
latest hypotheses. (Grant NA86AA-D-SG068. Prepared in cooperation
with South Carolina Sea Grant Consortium, Charleston. Sponsored by
Marine Resources Research Inst., Charleston, SC., and National
Undersea Research Program, Groton, CT.)

TI: Title
Depth-stratified population structure of geryonid crabs in the
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eastern Gulf of Mexico
AU: Author
Lindberg, WJ; Lockhart, FD
AF: Author Affiliation
Dep. Fish. Aquat. Sci., Univ. Florida, 7922 NW 71st St.,
Gainesville, FL 32606, USA

SO: Source
Journal of crustacean biology. Washington DC [J. CRUST. BIOL]

vol. 13, no. 4, pp. 713-722, 1993
IS: ISSN
0278-0372

AB: Abstract
Manned submersible transects and synchronous trap-sampling were

conducted in the eastern Gulf of Mexico along 5 depth contours on
the upper continental slope, during September 1986 and 1987.
Female golden crabs, Chaceon fenneri, were more abundant at 350'm
and 445 m than at 550, 675, or 780 m. Male golden crabs were most
abundant at 550 m. On the average, the largest crabs of each sex
were caught near 350 m. More mated pairs (50%) were observed in
situ along the deepest 2 contours than expected by chance alone.
Within the bathymetric range of golden crabs, crab abundance may
be related more to habitat type than to depth. The greatest

density (36.5 crabs/ha) occurred on or near hard-bottom canyon
features. Red crabs, Chaceon quinquedens, occurred only at 675 m
and 780 m on heavily bioturbated soft sediments, with the largest
of each sex at 675 m. Male red crabs outnumbered females, but
depth did not affect the number caught. Golden and red crabs also
differed in their refuging habits and responses to being

disturbed. We suggest that bathymetric patterns in sex and size
within geryonid populations reflect, in part, severe male-male
competition for mates and alternative mating strategies for males.

TI: Title
Distributional differences and population similarities for two

deep-sea crabs (family Geryonidae) in the northeastern Gulf of
Mexico.

AU: Author
Lockhart, FD; Lindberg, WJ; Blake, NJ; Erdman, RB; Perry, HM;
Waller, RS

AF: Author Affiliation
Dep. Fish. Aquacult., Univ. Florida, 7922 N.M. 71 St.,

Gainesville, FL 32606, USA

SO: Source
Canadian Journal of Fisheries and Aquatic Sciences [CAN. J. FISH.

AQUAT. SCL}, vol.47,no. 11, pp. 2112-2122, 1990
IS: ISSN .
0706-652X
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NT: Notes
Incl. bibliogr.: 37 ref.

AB: Abstract
For golden crab, Chaceon fenneri , and red crab, Chaceon
quinquedens , numbers per trap, sex, and crab size were tested for

. broad bathymetric, geographic, and seasonal patterns on the upper
continental slope, northeastern Gulf of Mexico. Red crab occupied
only the deepest of three sampled depths (i.e. 677 m vs. 494 and
311 m) while golden crab predominated at the upper two. Golden
crab occurred adjacent to peninsular Florida, but not along the
northern Gulf slope, while red crab occurred across the geographic
arc sampled. Relative abundance increased southward for golden
crab and northwestward for red crab, while the proportion of
females increased counter-clockwise within the sampled range of

each species.

TI: Title
Discovery of deep-water crabs (Geryon spp.) at Bermuda - a new
potential fishery resource.

AU: Author
Luckhurst, B

AF: Author Affiliation
Div. Fish., P.O. Box 622, Southampton 8, Bermuda

CF: Conference
37. Annual Gulf and Caribbean Fisheries Institute, Cancun
(Mexico), Nov 1984

ED: Editor
Williams, F (ed)

SO: Source
PROCEEDINGS OF THE THIRTY-SEVENTH ANNUAL GULF AND CARIBBEAN
FISHERIES INSTITUTE, CANCUN, MEXICO, NOVEMBER, 1984., 1986, pp.
209-211, Proceedings of the Gulf and Caribbean Fisheries Institute
[PROC. GULF CARIBB. FISH. INST.], vol. 37

IS: ISSN
0072-9019

NU: Other Numbers
GCFI-37

AB: Abstract ‘

The discovery of two species of deep water crabs (Geryonidae) at
Bermuda in 1984 is documented. The first species is Geryon fenneri
while the second, smaller species is undescribed. Preliminary data
on the size frequency distribution of G. fenneri as well as the

sex ratio and presence of ovigerous females is presented. In July
1984, a local trap fisherman John P. (Sean) Ingham set a small
number of traps off the edge of the Bermuda platform to do some
exploratory fishing. These traps yielded two different species of
Geryon crabs one of which is presently fished commercially in the
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Gulf of Mexico. This finding prompted further investigation to
determine the extent of the resourceand the possible development

of a small, specialized fishery.

TI: Tltle ’
Notes on Geryon from Bermuda, w1th the description of Geryon

.inghami , new species (Crustacea: Decapoda: Geryonidae).

AU: Author :
Manning, RB; Holthuis, LB

AF: Author Affiliation
Dep. Invertebr. Zool., Natl. Mus. Nat. Hist., Smithsonian Inst,
Washington, DC 20560, USA

SO: Source
Proceedings of the Biological Society of Washington. Washington DC

[PROC. BIOL. SOC. WASH.], vol. 99, no. 2, pp. 366-373, 1986

IS: ISSN _
0006-324X

AB: Abstract
Two species of the deep water crab genus Geryon , taken in
commercial traps, G. fenneri Manning and Holthuis and G. inghami,
n. sp., are reported from Bermuda. Geryon incertus Miers, 1886,
originally described from Bermuda, is shown to be a junior synonym
of the portunid Bathynectes longispina Stimpson, 1871.

TI: Title
Size and weight relationships for the golden crab, Chaceon

fenneri, and the red crab, Chaceon qumquedens from the eastern
. Qulf of Mexico

AU: Author

Trigg, C; Perry, H; Brehm, W
AF: Author Affiliation

Gulf Coast Res. Lab., Ocean Springs, MS 39564-7000, USA

SO: Source
Gulf Research Reports [GULF RES. REP.], vol. 9, no. 4, pp.
339-343, Jan 1997 o

IS: ISSN
0072-9027

AB: Abstract
Carapace length, carapace width, and weight relationships are

discussed for the golden crab, Chaceon fenneri, and the red crab,
Chaceon quinquedens, from the eastern Gulf of Mexico. Males of
both species were significantly larger than females in comparisons
of means of all measured parameters. Relationships between
carapace length and carapace width, carapace length and weight,
and carapace width and weight were similar between Atlantic and
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Gulf of Mexico populations for both ‘species.

TI: Title .
Activities of metabolic enzymes in the deep-water crabs Chaceon
fenneri and C. quinquedens and the shallow-water crab Callinectes

_ sapidus .

AU: Author
Walsh, PJ; Henry, RP

AF: Author Affiliation
Div. Mar. Biol. and Fish., Rosenstiel Sch. Mar. and Atmos. Sci.,
Univ. Miami, 4600 Rickenbacker Causeway, Miami, FL 33149, USA

SO: Source
Marine biology. Berlin, Heidelberg [MAR. BIOL.], vol. 106, no. 3,
pp. 343-346, 1990

IS: ISSN
0025-3162

AB: Abstract
The activities of 18 enzymes were measured in gill, hepatopancreas
and muscle tissue of the deep-water crabs Chaceon fenneri and C.
quinquedens and the shallow-water crab Callinectes sapidus
collected from the low-water crab Callinectes sapidus collected
from the Gulf of Mexico in January 1989. The activities of
catabolic enzymes were correlated in general with the known
metabolic rates of the three species. Activities were much higher
in C. sapidus than in Chaceon fenneri and C. quinquedens . In some
cases, C. quinquedens had higher activities than C. fenneri . The
activities of enzymes of amino acid metabolism (glutamate
dehydrogenase and alanine aminotransferase) were higher in C.
quinquedens , which had high hemolymph (ammonia) and ammonia
excretion rates. The activity of lactate dehydrogenase (LDH) fo C.
fenneri and C. quinquedens were correlated with the two species'
abilities to withstand hypoxia. The more hypoxia-tolerant species,
C. quinquedens , had higher activity of LDH in its muscles than
did C. fenneri .

TI: Title
Exploration for golden crab, Geryon fenneri , in the South
Atlantic Bight: Distribution, population structure, and gear
assessment.
AU: Author
Wenner, EL; Ulrich, GF; Wise, JB
AF: Author Affiliation
Mar. Resour. Res. Inst., South Carolina Wildl. and Mar. Resour.
Dep., P.O. Box 12559, Charleston, SC 29412, USA
SO: Source '
Fishery Bulletin [FISH. BULL.}, vol. 85, no. 3, pp. 547-560, 1987
IS: ISSN ’
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0090-0656

AB: Abstract S
Exploratory trapping for golden crab, Geryon fenneri , was

conducted from 5 August 1985 to 21 February 1986 off South
‘Carolina and Georgia. A buoyed system with strings of six traps
(three-side-entry Fathoms Plus and three top-entry Florida traps)
was fished in six depth strata: 274-366 m, 367-457 m, 458-549 m,
550-640 m, 641-732 m, and 733-823 m. Catches of golden crab were
highly variable between strata. Catch per trap increased from 1.6
crabs (1.67 kg) in the shallowest stratum sampled to a maximum
abundance of 22.3 crabs/trap (18.04 kg/trap) in the 458-549 m
depth zone. Catches abruptly declined in the deeper strata
sampled. Number of golden crab per trap (1.7:1) and weight per
trap (1.6:1) in the Florida trap exceeded that in the Fathoms Plus

trap for all completed sets.

TI: Title 4
In situ estimates of density of golden crab, Chaceon fenneri,

from habitats on the continental slope, southeastern U.S.
AU: Author .
Wenner, EL; Barans, CA
AF: Author Affiliation
Mar. Resour. Res. Inst., Box 12559, Charleston, SC 29412, USA

SO: Source
Bulletin of Marine Science [BULL. MAR. SC1.], vol. 46, no. 3, pp.
723-734, 1990

IS: ISSN
0007-4977

AB: Abstract
Qbservations on density and habitat of golden crab, Chaceon

fenneri , were made from a submersible along 85 transects in
depths of 389-567 m 122 km southeast of Charleston, South
Carolina. Additional observations on habitat were made on 16
transects that crossed isobaths between 293-517 m. Seven habitat
types were identified during dives: a flat foraminiferon ooze

habitat (405-567 m); coral mounds (503-555 m); ripple habitat
(320-359 m); dunes (389-472 m); black pebble habitat (446-564 m),
low outcrop (466-512 m); and soft-bioturbated habitat (293-475 m).
A total of 109 C. fenneri were sighted within the 583,480 m
super(2) of bottom surveyed. Density (mean no. multiplied by
1,000/m super(2)) was significantly different among habitats, with
highest values (0,7 multiplied by 1,000/m super(2)) noted among
low rock outcrops. Lowest densities were observed in the dune
habitat (<0.1 multiplied by 1,000/m super(2)), while densities for
other habitats were similar (0.15-0.22 multiplied by 1,000/m

super(2)).
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N

: - UNITED STATES DEPARTMENT OF COMMERCE
y +« | National Ocsanic snd Atmospheric Administration
% A | NATIONAL MARNE FISHERES SERVICE

"Q“ o
Southeast Regional Office
9721 Executive Center Drive N.
St. Petersburg, FL 33702
(727) 570-5335; FAX (727) 570-5300

March 24,1999  F/SERX1:RCR:dcp

Mr. Robert Mahood, Executive Director
South Atlantic Fishery Management Council
1.Southpark Circle, Suite 306

Charlotte, SC 29407

Dear Bob,

Enclosed are lists of contributions to the SAFE reports for the FMPs under your Council’s
jurisdiction. The lists represents contributions sent directly to our office as of Fnday,
March 19, 1999, and also includes some items extracted from Council briefing books and other

sources.

Dr. Kemmerer recently announced that the responsibility for SAFE reporting is being transferred
from the Fisheries Economics Office to the Sustainable Fisheries Division (Dr. James Weaver).
The March 19, 1999 cut-off date for this report has been established to avoid confusion during
the transition period. The Fisheries Economics Office will temporarily maintain a file of new
contributions received after March 19,1999, These documents will be given to the Sustainable
Fisheries Division at the time the transition is completed and they become responsible for
maintaining the SAFE files. '

Sincerely yours,

.Richard C. Raulerson, Chief
Fisheries Economics Office

Attachment:.Lists of SAFE Contributions

cc: F/SE - Andrew Kemmerer/Carol Baliew .
F/SER2 - James Weaver/Mike Justen 21D G T oeoce
F/SF - George Darcy/Richard Surdi - e
SEFSC - Brad Brown/Alex Chester
F/SEC7 - John Merriner
F/SECS - Tom Mcllwayne
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INDEX
Stock Assessment and Fisheries Evaluation Report Contributions
South Atlantic Fishery Management Council

Golden Crab
Summary Update of the Golden Crab Trip Report .. |- Douglas E. Harper and Gerald | June 18, 1998
Logbook, Trip Interview Data and Preliminary Production | P. Scott
Model Analysis, PRD-97/98-31 : '
Golden Crab Fishery Development, SERO-ECON-98-15 William O. Antozzi June 12, 1998
Golden Crab Landings and Exvessel Prices, John Vondruska June 12, 1998
SERO-ECON-98-17
Golden Crab Progress Report, SERO-ECON-98-01 William O. Antozzi .+ | October 1, 1997
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Appendix C. Fishery Status Report Through 1998

NMFS HAS NOT PROVIDED THE REPORT AS OF THIS DATE
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Appendix D. Annual Repdft Tracking Permit Transactions

Ed Burgess,5/21/99 9:10 AM -0500,Golden Crab data

Conversion: Allowed

Priority: normal

Disclose-Recipients: Prohibited
Alternate-Recipient: Allowed

Date: 21 May 1999 10:10:00 -0400 '
From: EQ Burgess <Ed.Burgessénoaa.gov>

To; Gregg Waugh <Gregg.Waugh@noaa.gov>,

: Mike Justen <Mike.Justen€noaa.gov>

James Weaver <James.Weaverénoaa.gov>,

rd Burgess <Ed.Burgess@noaa.gov>,

Raymond Slagle <Raymond. Slagle@noaa.gov>,
Lorie Monn <Lorie.Monnénoaa.gov>,

susan Jarvis <Susan.Jarvis€noaa.gov>,
Cheryl Franzen <Cheryl.Franzenénoaa.gov>,
*Janet L. Miller®" <Janet.L.Millerénocaa.gov>,
Joann Turner <Joann.Turnerénoaa.gov>
Subject: Golden Crab data

cc:

Following is the golden crab info for the Safe Report. If you need
additional info let me know.

Ed

Golden Crab Statistics 5/20/1999

Initial 1996 issuance by zone

Northern 2
Middle [
Southern 27

Auto renewal 1997 by zone

Northemn 1
Middle 4
Southern 23

Not renewed- 1997 due to reporting noncompliance

Northern 1
Middle 2
Southern 4

vessels meeting the catch requirement to renew 1998

Northerm 0
Middle 3
Southern 10

Vessels renewed 1998 by zone

Northern 0
Middle 3
Southern 7

Number of transfers

1987 2
1998 2
1999 0
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Raymond Slagle,5/27/99 10:49 AM -0500,Golden Crab data

Conversion: Allowed

Priority: normal

Disclose-Recipients: Prohibited
Alternate-Recipient: Allowed

Date: 27 May 1999 11:49:32 -0400

From: Raymond Slagle <Raymond.Slagle@noaa.gov>
To: Gregg_Waugh@safmc.mmfs.gov

ce: Ed Burgess <Ed.Burgess€noaa.gov>

Subject: Golden Crab data

MIME-Version: 1.0

Gregg

The attached file contains the names and addresses of the currently
permitted vessels in the golden crab fishery.

There are three vessels in the southern zone that have not renewed
their golden crab permit. There is nothing in the regulations
prohibiting the renewal of these three permits.

Content-Type: application/octet-stream; name=‘goldcrab.txt*®
Content-Disposition: attachment; filename=*goldcrab.txt*
Content-Description: goldcrab.txt

FTEP-Modification~Date: 27 May 1999 15:49:00 2z
FTBP-Object-Size: 3395

goldcrab.txt
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NMFS HAS NOT PROVIDED THE REPORT AS OF THIS DATE
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Appendix F. Summary Upd:te of the Golden Crab Trip Report, Logbook, Trip Interview
Data and Preliminary Prodcution Model Analysis (NMFS SEFSC-PRD-97/98-31)

: SUMMARY UPDATE OF THE GOLDEN CRAB TRIP REPORT LOGBOOK.
. ) TRIP INTERVIEW DATA AND PRELIMINARY PRODUCTION MODEL ANALYSIS

Report to the South Atlantic Fishery Management Council
Golden Crab Advisory Committee

St. Augustine, Florida
June 18, 1998

Prepared by Douglas E. Harper and Gerald P. Scott
National Marine Fisheries Service
Southeast Fisheries Science Center

Miami, Florida

Contribution Number PRD-97/98-31

BACKGROUND

Fd

In November 1995, a voluntary logbook program for the golden
crab fishery in Atlantic Ocean waters off the southeastern U.S. was
initiated by the National Marine Fisheries Service (NMFS) . This

. Golden Crab Trip Report Logbook program became mandatory when
regulations for the golden crab fishery management plan went into
effect on October 28, 1996. Regulations reqguire that all fishers
that have been issued a Federal vessel permit for the golden crab

- fishery in the South Atlantic region must complete and submit a
logbook form for each fishing trip on which golden crabs are
caught. All reporting must be done on log forms that are provided
by the Southeast Fisheries Science Center (SEFSC) and must be
returned to the SEFSC for data processing.

Fishing activity for a single trip is reported on one log form
(see Appendix A). The form is designed so that fishers can report
the catch, number of traps, fishing location, depth and soak time
for each line or string of traps that are hauled during the trip.

For regulatory*purposes, the South Atlantic region is divided
into 3 golden crab fishing zones. The Northern Zone is defined as
the EEZ north of 28 degrees N, latitude. The Middle Zone is defined
as the EEZ from 25 degrees N, latitude to 28 degrees N, latitude.
The Southern Zone is defined as the EEZ south of 25 degrees N,
latitude. Federal vessel permits are issued for a specific zone and
fishing is only allowed in the zone for which the permit is issued.

. The purpésé of the logbook program was to provide a suitable
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method of comprehensive data collection for the fishery. Additiona:

' golden crab fishery data is available in the Trip Interview Program
(TIP). TIP data collection is conducted by NMFS and state fishery
agents who sample catches at the conclusion of commercial fishing
tfips-and provides information on size frequency of individual
crabs landed. This report summarizes logbook program and TIP
sampling information that has been collected to date. In addition,
2 . preliminary stock assessment production model  analysis is
presented. .,

Results and Discussion

The vessel permit and logbook reporting requirements took
effect on October 28, 199¢. As a result of the vessel permit
requirements, 35 vessels were issued permits to catch, possess and
sell golden crab in the South Atlantic region. The breakdown of
vessel permits by golden crab fishing zone is as follows: Southern
Zone - 27 permits; Middle Zone - 6 permits; and Northern Zone - 2
permits. In compliance with the reporting requirements, 31 of the
35 permitted vessels have submitted logbook forms to the Southeast
Fisheries Science Center. Four of the permitted vessels have not
submitted any logbook forms.

The reporting regulations require that a logbook must be

submitted for every trip where golden crabs are caught (possessed).

"If a permitted vessel did not fish during a calendar month, a

report has to be submitted stating that the vessel was inactive

- during with regard to golden crab fishing during the month. Of the

35 permitted vessels, 11 vessels fished for golden crabs and

submitted 434 logbook reports with their catch and effort data for
each trip as of May 15, 1998.

‘Because no-fishing reports are required for a calendar month,
the distribution of logbook submissions can be reviewed monthly.
For the 12 month period from November 1996 through October 1997, 23
permit holders submitted reports for every month. For November
1997, through March 1998, 18 permit holders submitted a report for
each month.

Reported lLogboak - Golden Crah Catches

Table 1 provides a monthly summary of the information for the
434 Golden Crab Trip Report Logbook forms which reported fishing
activity. For the Middle Zone (area between 25° N, latitude and 28°
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N, latitude), estimated monthly golden crab catches from 330 trips
completed during the entire period, November 1995 thrgugh gpril
1998, were 1.39 million pounds. Over the entire time period Middle
zone monthly catches averaged 46,315 pounds and ranged from 13,600
pounds for November 1995 to 84,872 pounds for May 1997 (Figure 1).
Logbook report forms representing 104 trips with golden crab
landings made in the Southern 2one (area south of 25°) between
Fepruary 1997 and March 1998 were submitted. Southern Zone
estimated golden crab catches for these reported trips were 395,273
and averaged 28,234 pounds per month over the fourteen reported

months.

Catrh—ner—unit—effort

The number of trap hauls reported for the 434 trips in the
golden crab logbook database was 49,301 (Table 1, Figure 2). During
the logbook time period the average number of traps hauled per
month was 1,216 in the Middle Zone and 860 in the Southern Zone.
Harper (1996) reported that golden crab catch-per-unit-effort as
measured by mean catch (pounds) per trap haul was increasing during
the period November 1995 through March 1996. With additional trips
over a longer time period available for calculations, CPUE trends
appear to be exhibiting seasonal patterns with peak CPUE occurring
in winter~spring (December through May) with lower CPUE values
calculated during summer-fall (June through November). For the
Middle zone, golden crab monthly mean catch per trap haul was 42.8
pounds during winter-spring and 32.7 pounds during summer-fall
(Figure 3). ’

Tncidental catch

Incidental catch information was estimated by fishers and
reported on the Golden Crab Trip Logbook forms. The most frequently
reported incidental catch species was the giant isopod, Bathynomus
giganteus. A total of 17,455 estimated pounds of giant isopod were
caught between November 1995 and April 1998 (Table 2). The overall
mean catch per trap haul was 0.36 pounds and ranged from 0.12
pounds during=May 1996 to 0.61 pounds during October 1996. In
general, reported incidental catch of other species was very low.
In addition to the giant isopod, nine other species categories
representing a total incidental catch of 26.5 pounds over the
period November 1995 through April 1998 were reported on the
logbook- forms. These species categories and estimated. catch were:
rockfish - 7.5 pounds, hake - 6.0 pounds, whiting - 3.0 pounds,
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~

jonah crab - 2.8 pounds, shrimp - 2.0 pounds, Queen snapper - 2.

pounds, squid - 1.2 pounds, red crab - 1.0 pounds, and scorpion
fish - 1.0 pounds.
TIP Sampling

- TIP sampling of the golden crab fishery began during May 1995,
A total of 31 trips have been sampled and 4,801 golden crabs have
been measured through December 1997. Table 3 presents the monthly
number of crabs measured and carapace width statistics. The overall
mean carapace width of sampled golden crabs was 148.5 mm. (N=4,801,
std.=12.6) and ranged from 142.5 mm. (N=475,std.=16.3) during
September 1995; to 157.7 mm. (N=161,std.=8.3) during January 1997.

Preliminary Production Model Analysis

" Catch and estimated effort data for the period 198B6-present
were fit with a non-equilibrium production model (Prager 1993) to
estimate stock status relative to MSY levels. Golden crab quarterly
catch in pounds for the South Atlantic region were obtained from
the Accumulated Landings System for the period 1986 through October
1996. After October 1996, golden crab catch was derived from the
Golden Crab Trip Report Logbook. Quarterly effort levels were
estimated by dividing gquarterly catch by observed CPUE (lbs per
trap haul). CPUE data for 1986 were available in Erdman (1990) .
CPUE for the most recent period (1996-1998) were from the Golden
Crab logbook reports described earlier. The production model was
fit to both quarterly and annual data. However, only 3 paired
annual observations of catch and effort were available, making the
annual model fit of guestionable value. Results of the annual and
quarterly model fits depended on assumptions made about the initial
biomass 1level. Quarterly catch and estimated effort data are
provided in Table 4. For this preliminary analysis, the fishing
year was defined to begin in February; thus, the first guarter of
the fishing year ended in April and the last quarter ended in
January. For this analysis, a total of 49 gquarters of catch
(February 1986 - April 1998) and 14 quarters of effort were
available. : -

~ L
AR

The data were first fit assuming that stock biomass was at
model carrying capacity (K=2B,s,) in January 1986. A total of 501
bootstrap fits of the model to the 14 paired catch and effort

observations (Table 4) were used to estimate uncertainty in the
model parameters of interest. As the model was fit to quarterly
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data, estimates of annual parameters, such as MSY, can be obtainec
by multiplying the parameters of concern by 4. From this model,
current biomass is estimated to be at about that level which coulcd
produce MSY and the median estimate of annual MSY is on the order
of 847,000 lbs per year (approximate 80% CI, ~650,000 - 520,000
1bs per year). The results of this fit are shown in Table 5. Recent
(quarterly) fishing mortality rates were estimated to range from
about 0.5 to 2 times that needed to achieve quarterly MSY. The
estimated time-trajectory of relative (gquarterly) biomass and
relative (guarterly) fishing mortality rate are shown in Figure 5.

) An alternative model was fit to the data in which initial
biomass was not fixed at K, but estimated. As above, a total of
501 bootstrap fits of this model to the 14 paired catch and effort
observations (Table 4) were-used to characterize the uncertainty in
parameter estimates. From this model, initial biomass (January
1986) was estimated to be more than twice carrying capacity,
current biomass was estimated to be about 50% above that level
which could produce MSY and recent fishing mortality rates ranged
from about 0.25 to about 1.0Fyy From this model, the estimate of
annual MSY is less precisely estimated although the median estimate
is on the order of 1,070,000 lbs per year (approximate 80% CI,
~707,000 - >60,000,000 1bs per year). The results of this fit are
shown in Table 6. The estimated time-trajectory of relative
(quarterly) biomass and relative (quarterly) fishing mortality rate
are shown in Figure 6. :

Literature Cited

Erdman, R.B. 1990. Reproductive ecology and distribution of deep

sea crabs (Family Geryonidae) from the southeast Florida and

- the eastern Gulf of Mexico. PhD Dissertation, Department of
Marine Science, University of south Florida, 147pp.

Harper, D.E. 1996. Summary report on golden crab trends in landings
and CPUE, 1986-1995 from the waters off the southeast U.S.
coast. National Marine Fisheries Service, Southeast Fisheries
Science qsnte:, MIA-95/96-42 B8pp.

Prager, M.H. 1993. A suite of extensions to a nonequilibrium
surplus-production model. Fishery Bulletin. 92:374-389.

Draft Golden Crab SAFE Report



Update of the Golden Crab Tnp Report Logbook, Trip Interview Data and Preliminary
Appendix F. Summary £p Production Model Analvsxs

Table 1 - Monthly summary of information reported in the South Aﬂan}ic Golden Crab
Trip Report Logbook Program (November 1985 through April 1998).

MIDDLE ZONE
. Catch Traps Stngs| Number] Depth fished Sosk Tirne
[T Vear| ™onth| Weight (ibs)]  Hauled] Haued Trips | average (feet)
1995 November 13.600 399 12 4 1.083.3 86
December 48,060 1202 M 12 1.083.8 76
1996 Janusry 38,850 721 21 9 1,100.0 8.0
February 32,300 542 16 9 1,100.0 82
March 43,050 807 25 1 1.100.0 76
April 47,850 1,128 2 1" 1.086.9 17.8
May 53,140 1.426 41 14 1,1104 10.3
June 48,150 1,821 50 12 1.130.8 7.4
July 41,705 1,383 39 1 1.161.7 7.3
August 46.950 1,525 - 41 12 1,183.9 1.1
September 49000 1595 “ 13 1.202.3 65
October 32635 1,079 3 10 12229 179
November 26.800 960 27 8 1.214.6 9.3
December 62,830 1,608 “ 13 1,160.4 8.0
1997 January 72.020 1,580 45 13 11776 9.2
February 57100 1202 33 10 1,188.3 105
March 58620 1288 34 12 1,088.8 6.9
April 62.900 1.417 37 T 12 1.104.0 10.5
May 84872 2,003 53 17 12010 _ 8.5
June 43,580 1,096 30 10 1.102.7 7.9
July 60648 1652 a8 18 11454 104
August €3.035  17¢2 a7 15 11910 85
September 55330  1.484 39 12 1,190.8 8.6
October 49,041 1,430 as 13 1,189.2 121
November 24,500 766 21 6 1.203.0 11.0
December 29,950 874 26 9 1.1994 7.7
1996 January 36,130 937 27 8 1.193.8 10.7
February 45,070 1.182 2 10 1.1842 8.0
March 43,630 1.124 29 10 1.209.1 12.6
April 17.900 455 13 5 1.176.9 8.0
Total 1.380.446 36.467 1.011 330 1.160.4 85
SOUTHERN ZONE _
Catch Traps Strings|  Numnber] Deoth fished Soak Time
[ Year|  Month] Weight (ibs) Hauled| Hauled Trips | average (feet)
1897 February 6.712 155 3 2 1.200.0 30
March 15.666 610 12 4 1217.0 4.8
April 24.980 00 18 10 1.356.3 8.5
May 108,388 3427 7 28 1.762.3 73
June 54773 - 1,442 2 14 1.892.2 117
July 52990, . 1,195 25 9 1.840.0 1.8
August 15,760~ - 367 ] 4 1.738.9 1.6
September 21.240 808 15 7 2.001.3 17.1
October 15,927 450 9 3 1.833.3 20.0
November 17.667 651 14 5 1.705.7 24.8
December 8,595 250 6 3 1.733.3 22
1998 January 18.480 624 16 4 1.008.5 26.4
February 28,697 904 25 ] 1.134.4 18.0
March 4,400 251 7 2 1,787.1 154
April
Total 385,275 12,034 268 104 . 1,761.4 12.8
F-6
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Appendix F. Summary Update of the Golden Crab Trip Report, Logbook, Trip Inte

Table 2.- Estimated incidental giant isopod catches reported
in the Golden Crab Trip Report Logbook, November

1995 through April 1998.

Catch per

Catch| trap haul

[ Year Month| POUNDS{ POUNDS

1995 November 206 0.52

December 405 0.34

1996 January 190 0.26

February 105 0.19

March 291 © 0.36

April 188 0.17

May 171 0.12

June 607 0.33

July 646 0.47

August 499 0.33

September 813 0.51

October 659 0.61

November 476 0.27

December 607 0.38

1997  January 530 0.34

February 447 0.33

March 612 0.32

April 841 0.41

May 2,269 0.42

June 955 0.38

July 691 0.24

August ‘641 0.30

September 831 0.36

October 780 0.41

November 540 0.38

December 615 0.55

1998 January 547 0.35

February 539 0.26

March 436 0.32

April 218 0.48

Total 17,455 0.35
F-7
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Appendix F. Summary Update of the Golden Crab Tnp Repon Logbook, Trip Interview Data and Preliminary
Production Model Analvsxs

Table 3. - Monthy summary of Trip interview Program sampling for the goiden |
crab fishery. Individual goiden crabs from commercial landings are
measured to.the nearest mm. carapace width (CW) by NMFS and

state port agents.
Number Mean| Standard] Minimum|Maximum
| Year| Month| Measured| CW (mm)| Deviation] CW (mm){ CW (mm)
1095 May 74 150.5 10.7 122 177
June 353 146.8 11.1 119 175
July 211 147.8 13.0 102 180
August 37 154.7 20.3 110 181
September 475 142.5 16.3 108 189
October 108 154.8 16.2 111 186
November 202 155.0 14.6 105 188
December 0
1996 January 0
February 229 146.3 8.7 116 169
March 25 151.0 112 128 180
April 763 143.5 102 112 174
May 357 144.2 11.2 104 170
June 208 142.7 11.1 111 170
July 170 150.4 11.3 125 171
August 0
September 275 154.3 8.0 125 179
October 138 156.1 111 124 180
November 0
December 0
1997 January 161 157.7 8.3 135 180
February 0 .
March 293 155.2 9.8 123 182
April 29 146.4 10.1 112 172
May 242 151.9 9.2 122 174
June 223 1514 10.0 123 183
July 0 ’
August 46 162.7 8.3 130 170
September 0
October 0 :
November 112 161.7 94 130 174
December 0
Total 4,801 148.5 12.6 102 189
F-8
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Appendix F. Summary Update of the Golden Crab Trip Report, Logbook, Trip Inte

rview Data and Preliminary

Production Model Analysis

Table 4. Quarierly catch (1bs) and effort (estimated trap hauls) for the period February 1986-April 1998. Efior:
was estimated by dividing observed quarteriv catch rate (Lbs/Trap Haul) into quarteriv catch,

Fishine Trap Pashing Trap Fashang Trap
Year -Ouart!r Hauls Lbs Landed Year Quarzer Hauls -Lbs lLandec Year Quarter Mauls lrs Landec
1986 1 2.302K«02 2.029E+03 1990 17 . 0.000500 19%4 n . ¢.0005«0C
2 6.0795+021 €.471503 1 . 0.000KE+00 p 1) . ©.000E«DC
3 4.9528+01 4.1378+02 s . 1.1005+02 38 . ©.000E-0C
P 2.445K+02 1.2925-04 20 b 0.0005+00 36 . 4.2965+C3
1907 s . 1.7215+04 1993 21 . 2.086840) 1995 3 . 88158404
'3 . 2.910E+04 22 M 3.6455.02 s M 5. 4S6K.0%
- . 6.5809E+03 23 . 2.707503 3s M <.070E.C%
& - 1.766K-01 24 d 2.50085+03 40 4.941%.02 2.936E.08
1986 s . 1.1495+04 1992 2 . 7.3005+02 199¢ @ 3.616500) 1.703E.0¢8
. 1c L4 2.71258+03 26 . 1.9308+02 4 1.008K+04 3.279E.0%
11 . 4.250E+02 27 . 0.0008+00 43 3.8978eC3 1.192E.0%
12 . 1.022E+03 2 M 0.0005-00 44 4.148E+0) 1.616K.0%
1985 13 . 3.1265+03 1993 28 . 2.456504 1997 a5 $.5725.03 2.2638.08
34 - 5.900K+03 30 . 1.0558404 L 13 1.082B+04 4.0538+0%
15 . ©.000K+00 n . 2.0005+02 4 €.3405+03 2.2035405
16 - 0.0008+00 32 . 2.3988+03 48 4.102K.03 1.363E.05
1990 45 3.9168+02 1.397K+0%

* Asterisk indicates missing valuels)

Table 5. Results of the bootstrapped analysis for the production model fit to quarierly caich and effort data under
1986 biomass was at model carrving capacity.

the assumption that

Baas-

Param corrected ordinary Relative Approx 00%  Approx #0% Approx 50%  Approx 50V

name estimate estimate bias lower CL upper CL lower CL upper CL

Blratao 2.0005+00 2.000E+«00 0.00% 2.0008+00 2.0005+00 2.0003+00 2.0008+00
¥ 1.0078+06 9.571E+08 -4.9 €.7245+05 1.9075+06 7.979505 1.3645+0¢
T 8.290E-01 $.006E-01 8.6a8 3.299E-03 1.381B.00 5.5328-02 1.0928+00
qi1) 7.164E-05 7.493E-05 4.59% 3.B46E-05 1.135E-04 $.2398-05 9.4595-05
MSY 2.118K+08 2.155E+05 1.74% 1.639B+05 2.J02E«0% 1.9395+05 2.2218B+05
B-ratio 1.076E~00 1.100K+00 2.28% 8.684E-01 1.324E+00 9.688E-01 1.2155«00
F-ratic 6.469E-01 6.321E-01 -2.20V 4.926E-01 9.04SE-01 S.545E-01 7.495E-01

Paramecers: Blratic.

Initial baomass expr:ned. Telative to Bmsy = K/2. A value ©f 2.0 amplies initial baiomass assumed to be at

model carying capacity. K, model carrying capacity. R, Model intrinsic rate of ancrease. Q(1}. catchability coefficient tor

fishery

(1}. MSY, estimate Of Quarterly maximum sustainable

yield.

B-ratio, estimate Of end of last Quarter biowass. expressed

relative to BMSY. F-TaLio, estamate of last quarter fishang mortality rate relatave to that which could produce MSY

Table 6. Resuits of the bootstrapped analysis for the production model fit to quarterly caich and effort data when

1986 initial biomass relative 10 B, was estimated at about 2.5 times carrving capacitv.

Baas-

Param corrected Ordinary Relative Approx 80% Approx 00% Approx 50% Approx 50%
name estimate estamace bias lower CL upper CL lower CL upper CL

Piratic 4.492E+00 4.0095+00 8.85% 2.8328400 6.226E+00 3.601E«00 5.291E.00
¥ 5.530K5+06 5.735E+06 3.55% 1.227E.06 4.101E+D8 2.311E«06 4.984E.07
T 1.860E-01 1.81SE-02 -2.42¢ 4.563E-02 €.948E-01 1.008E-01 3.609E-01
g1l 0 .596E-08 7.780E-06 -9.49% 6.446E-08 $.090E-0% 1.302E-06 2.61%E-05
MSY 2.670E29S . 2.6025+05 -2.53% 1.7698+05  1.5008e07 2.1598+05 3.476B+06

oy en

Bmsy 2.769E+06 2.867E+06 3.55% 6.134E+0S 2.050E+08 1.155E«06 2.4925¢07
B-ratic 1.511E+00 1.5665+00 3.81% 1.316315.00 2.054E+00 1.276E+00 1.9845+00
F-ratic 3.312E-01 3.443E-02 3.94% 4.672E-03 6.612E-01 2.125E-02 5.210E-01

Paramecers:
model carying capscity. K, model carrying capacity. R. Model intrinsic rate of increase. Q(1), catchability _coetticient tor
fishery (1). MSY, estimate of quarterly maximum sustainable yaeld.
relative to BMSY. F-rétio, estimate of last quarter fishang mortality rate relative to that which could produce MSY

Biracao,

F-9
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Appendix F. Summary Update of the Golden Crab Trip Report. Loghook, Trip Interview Data and Preliminary

Production Model Analysis
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Appendix F. Summary Update of the Golden Crab Trip Report, Logbook. Trip Interview Data and Preliminar__\'
T Production Mode! Analysis
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Appendix F. Summary Update of the Golden Crab Tnp Repon, Logbook, Trip Interview Data and Preliminary
Production Model Analysis
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Appendix F. Summary Update of the Golden Crab Trip Report, Logbook, Trip Interview Data and Preliminary

APPENDIX A. — Sample Logbook Form

Production Model Analysis

Captain’'s Signature: DealeriCompany Name:
1)
Vessel Name:
2)
Vesse! ID Number: 3
Stan Date of Trip ! ns County Unioaded:
oM. say your
€nd Date of Trip / ns State Uniosded:
montr. L 2] vaar .
No Trips Were Made During © ne, Type & Size of Trap Used:

“STRING#

»

L

I=° MAIL THIS COPY TO NATIONAL MARINE FISHERIES SERVICE &0 -

F-13
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Appendix G. Golden Crab Fishery Development

Appendix G. Golden Crab Fishery Developfment (SERO-ECON-98-15)

GOLDEN CRAB FISHERY DEVELOPMENT

Prepared by: '

William O. Antozzi
National Marine Fisheries Service
Southeast Regional Office
9721 Executive Center Drive North
St. Petersburg, Florida 33702

June 10, 199

SERO-ECON-98-15
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Appendix G. Golden Crab Fishery Development

Introduction

This report is the fourth in a series that describes the golcern
crab fishery in the Southeast region. The focus is on how

economic forces are affecting the development of this fishery.
The previous reports are: "Golden Crab - Market Status," 1295,
ress

"Golden Crab Fishery Status," 1996, and "Golden Crak Prog
Report, " 1997. :

Fishing Industry

The golden crab fishery in the Southeast is currently operating
at a low level. Reports from National Marine Fisheries Service
(NMFS) Port Agents and commercial dealers in Florida indicate
that at present (June 1998) there is no production coming from
the Gulf of Mexico. The one vessel that had been consistently
landing crabs in St. Petersburg has gotten out of the fishery.
On the Florida East Coast, landings are steady and light. One
vessel owner continues to operate successfully out of Ft.
Lauderdale, marketing his catch to mostly local markets.

The expected boost in production which normally occurs in the
Florida Keys in the spring and early summer does not appear to be
materializing this year (as of early June). Spiny lobster
fishermen are reportedly preferring to tie up their boats or to
pursue other fisheries. Two vessels are reportedly attempting to
overcome gear and mechanical problems befcre entering the fishery

in the lower Keys.

Many of the boats which qualified for permits to fish zones in

the S. Atlantic have not had subsequent production. Out of 35

vessels permitted to fish the S. Atlantic, only 11 fished for
- golden crabs since qualifying (Harper, 1998).

The golden crab fishery is an arduous fishery which requires a
substantial investment in vessel and gear and an expert knowledge
of fishing grounds and crab behavior. Only those well prepared
and determined can pursue this fishery, even when crab prices are

attractive.

Monthly golden crab landings appear to show a cyclical pattern
(see fig. 1). Greatest production has occurred between March and
June (or July). This corresponds to the period when Keys lobster

boats normally trap golden crabs. Ex-vessel prices for whole
golden crabs do not exhibit any pattern of change over time (see
figure 2). Peak dockside price to fishermen occurred in August
of 1995, which followed a period of high production. Prices then
gradually fell, remaining mostly between 80 and 95 cents
thereafter. Presently, the industry is reporting prices mostly
at 75 to 80 cents per pound, ex-vessel.

Draft Golden Crab SAFE Report



Appendix G. Golden Crab Fishery Development

Processing and Marketing

out of the coriginal five companies processing golden crab in
1995, only one continues (located in Marathon, Flerida). Most ci
the processing has been into golden crab clusters, although there
is also the potential to process crabs into picked meat and cther
value added products. :

Although there has been some success in establishing a marke:
niche and name recognition, this success has been limited mostly
to the Fort Lauderdale and Miami area.

Golden crab markets are strongly influenced by the wholesale
market for snow crab (and to a lesser degree by king and
dungeness crab). This is the case because the market form is the
same (leg and claw clusters) and the taste and texture are very
similar. 1In fact, the sudden development of the golden crab
fishery in early 1995 was primarily due to the scarcity of snow
crab at that time (see fig. 3).

Golden crab sells at a discount toc snow crab because of market
“disadvantages," i.e., failure of the shell to turn red when
cooked, like other large crabs, and lack of name recognition
nationally, in spite of the fact that the meat is of excellent

quality.

Supplies of snow crab are currently plentiful (see fig. 3),
resulting in low wholesale prices for snow crab clusters (see
fig. 4). This has caused downward pressure on the price
structure for golden crabs. To exacerbate the situation, Russian
and Canadian snow crab production has also been very high.

The inability to create a significant market niche identity for
golden crab, other than as a substitute for snow crab, remains a
problem. In order to overcome this dilemma, steady production is
necessary, coupled with promotion of golden crab as a high
quality, good tasting seafood product.

Golden crab processors could consider the picked meat market form
in order to avoid some of the market pressures that the cluster
market presents. Golden crab meat is white, flaky, and has a
distinctly appealing crab flavor and texture of high quality.
Based on studies conducted by Florida- Sea Grant, the yield of
meat is about 23% (compared with blue crab at 11-14%). This
market form would avoid the “failure to turn red” syndrome pf the
shell-on cluster product form.

G-3
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Appendix G. Golden Crab Fishery Development

Fisheries Management

The Golden Crab Fisheries Management Plan has been in effect
since October 1996, when regulations were published to manage the
fishery in the S. Atlantic. The regulations include dividing the
S. Atlantic into zones, limiting access to certain qualified
vessels, requiring vessel and dealer permits and reporting,
limiting the size of vessels, prescribing allowable gear, and
prohibiting possession of female crabs. Quota management of this
fishery was not implemented, however.

The 1997 harvest of golden crabs from the Middle and Southern
Zzones of the S. Atlantic totaled about 1 million pounds,
according to data provided by the S. Atlantic Golden Crab Logbook
Program. This approximates the median estimate MSY (maximum
sustainable yield) for these two zones (Harper, 1998). Thus, if
harvesting continues at this pace, the fishery appears to be
about where it should be for these two zones.

Some industry members are concerned about the current lack of
production and have expressed opinions that the industry will not
be successful without sustained production (as opposed to
seasonal production). In order for this to occur, according to
these sources, large vessels (> 50 feet) are needed to cope with
the frequently rough sea conditions found offshore and to provide
the stability for trap deployment and retrieval that a large
vessel provides. These sources advocate the liberalization by
the S. Atlantic Council of current regulations pertaining to the
transfer of a golden crab permit from a smaller vessel to a
larger one (currently restricted to a one-time increase of no

) more than 10% in length). The rationale provided is that many
permits will expire this fall because of the failure of some
permit holders to produce the reguired 5,000 pounds to renew.
Thus, according to this argument, the total harvesting capacity
of the fleet will not be increased even if some permitees are
allowed to switch to larger vessels.

Both the Gulf of Mexico (especially the Florida West Coast) and
the Northern Zone of the S. Atlantic appear to have potential for
increased production. The Gulf apparently has lost its only
producing vessel. The owners revealed that they have no current
intentions of reengaging in the fishery. The Northern Zone has
never had much production except for exploratory fishing.

Outlook

The short term outlook for the golden crab fishery will be highly
influenced by the overall market supply of other large crabs,
principally snow crab. Indications are that the snow crab market
will continue to be depressed through much of 1998. This is due

G-4
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Appendix G. Golden Crab Fishery Development

to large amounts of low-priced Alaskan, Canadian, and Russian
crabs entering the market (and remaining in frozen inventory)
coupled with the fact that one of the major crab markets, Japarn,
is undergoing a recession, resulting in low demand and prices.

Long term, the outlook changes. According to NMFS biologists in
Alaska, the large year class of opilio snow crabs that is now
being harvested may be played out by the year 2000. If the
history of this fishery is any indication, the harvest quota may
then drop by half, and by half again the following year. At this
rime, the market for large crabs could strengthen, and the golden
- erab industry could potentially realize a better price structure,
from fishermen to processors. This could result in increased
fishing, especially in the Gulf of Mexico and the Northern Zone

of the South Atlantic.

Summary

In summary, current indications are that the expense of
iritiating and participating in the golden crab fishery, coupled
with plentiful supplies of opilio and other large crabs, are
resulting in a golden crab fishery that is operating at a low but

stable level.

References

Antozzi, W.O. 1997. Golden Crab Progress Report (SERO-ECON-98-01)
NMFS, Southeast Regiconal Office, St. Petersburg, FL

Antozzi, W.O. 1996. Golden Crab Fishery Status. NMFS, Southeast
Regional Office, St. Petersburg, FL

Antozzi, W.O. 1995. Golden Crab- Market Status. NMFS, Southeast
Regional Office, St. Petersburg, FL '

Harper, D. E. 1998. Summary Update of the Golden Crab Trip
Report Logbook and Trip Interview Data; November 1995 through
April 1998. NMFS, Southeast Fisheries Science Center, Miami, FL
Otwell, W. S., J. Bellairs, and D. Sweat. 1984. Initial
Development of a Deep Sea Golden Crab Fishery in the Gulf of
Mexico. Fl. Sea Grant College, Report- No. 61 '

Seattle Market News Reports 1995-1998. NMFS, Seattle, WA

Stevens, Brad 1998. Personal communication. NMFS, Kodiak., Alaska

G-5
Draft Golden Crab SAFE Report



Appendix G. Golden Crab Fishery Development

| 86 |

| 8inbi4

183\ PUB YJUOW
m 96

N—N—:o-mmhwmvmw—N—:o-mm\.wmvmw_.NF:owmmnw

__._.__________

_aﬁﬁiiiii Il _a

Spunod jo spuesnoy)
uoibay 1seayjnog

sBulpue] qet) uap|ob

-0

- 001

- 002

- 00€

I~ 00V

G-6

Draft Golden Crab SAFE Report




Appendix G. Golden Crab Fishery Development

Z 2.nbi4

{9\ puB Yyjuon

|86 | . L6 | 96 _ S6 _
Z L 21106 8 L 9 S ¥ E T LE IO 68 LY SV E T L IO 68 L9
[ TR TR SN NNV JUUUY SRV VU SRS SR SN ISR NN SNNNY WU NN GO URUUN (U PSSy SRS W [N SRS R U SN SN S N

N e

punod iad siejjoqg

uolbay jseayinog
S9o0lld ]9SSO\ - X3 qeln Uap|0L)

v'0

- §°0

- 9°0.

L'0

- 8°0

- 670

-l

A

G-7

Draft Golden Crab SAFE Report



Appendix G. Golden Crab Fishery Development

Alaskan Snow Crab (Opilio)
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~ Alaskan Snow Crab (Opilio)

Wholesale Price (5-8 Ounce Clusters) 'f

Dollars Per Pound

June June ' . June June
! 1995 I 1996 ! 1997 . 1998

gure 4 (Price at 1 year Intervals)
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Appendix H. Golden Crab Landings and E;(vessel Prices (SERO-ECON-98-17)

Golden Crab Landings and Exvessel Prices

Prepared by:

‘John Vondruska
National Marine Fisheries Service
Fisheries Economics Office
9721 Executive Center Drive North
St. Petersburg, FL 33702

June 12, 1998

SERO-ECON-98-17
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Golden Crab Landings and Exvessel Prices

A preliminary assessment of monthly data for January 1995 to
February 1998 on the harvest of golden crab was done to suggest
the nature of possible statistical relationships among variables,
especially between monthly landings and exvessel prices (Table :
and Figures 1-3). When used in a model along with other
variables, landings and exvessel prices are important variables
that may be used to represent consumer (buyer) and producer
(seller) behavior in separate eguations. On the consumer side
(demand 'equation), one would expect an increase in landings to
reduce price, disregarding the influence of income, prices
or suplies of substitute products and other factors that may
affect consumers; i.e., in a carefully specified demand equation,
there would be an expected negative relationship between the
quantity landed and exvessel pPrice based on economic theory. On
the producer side (supply equation), one would expect an increase
in landings to result from an increase in price, disregarding
other factors that may affect producers; i.e., in a carefully
specified supply equation, there would be an an expected positive
relationship between landings and exvessel Price.

Results

The statistical properties ("regression output" from Lotus

123 software) for the three two-variable equations for the golden
crab fishery in Table 1 should be taken as indications of the
need for further data and work, not as indications of the nature
of the behavior of either consumers or producers of golden crab.
In the equation, price = f (landings), the low value for R-
squared indicates that variation in landings explains very little
of the variation in price. Values for R-squared are expected to

- be positive and in the 0 to 1 range. Figure 3 is a scatter
diagram of paired exvessel prices and landings. 1In the equation
traps = f (price), price appears to have little effect on the
number of traps deployed (Table 1). On the other hand, in the
equation landings = f (traps), the higher R-Squared value
suggests that the number of traps has a positive effect on
landings, as might be expected.

Background

Antozzi (1997 and 1998) reports that there was a resurgence
of fishing for golden crab in the southeastern United States
starting in 1995 based in part on strong market demand and high

 pPrices resulting from production shortfalls for the smaller of
two snow (tanner) crabs (Chionoecetes c. opilio). Most notably,
substantial landings of the c. opilio snow crab may occur in the
United States (Alaska), Canada (east coast) and the former Soviet
Union (east coast). The effect on the golden crab fishery of
variations in landings of snow crab in its major harvesting areas
depends in part on the diversity of products. There appears to
be greater -diversity for the Canadian snow crab fishery (FAO,

H-2
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1995, pp. 21-22). Including both species of snow crab (c. opilio
and c. bairdi), U.S. landings of snow crab fell from about 357
million pounds in 1991 to 68 million pounds by 1996 (NMFS, 1997,
p. 118). According to preliminary data, landings of the smaller,
opilioc snow crab in Alaska fell from 328 million pounds in 1991
to 66 million pounds by 1996 and then increased to 117 million
pounds by 1957 (Pacific Fishing, March 1998, pp. 88-89). There
is a management imposed guideline for 1998 of 234 million pounds, -
and the exvessel price for opilio snow crab in Alaska fell from
$1.17 per pound in 1996 to $0.75 in 1997 and then to $0.54 in
early 1998 (Ibid.).

To the extent that golden crab appears to have found its
own market niche in the United States (Antozzi, 1997 and 1998),
demand, sales and prices may be less influenced by what happens
to snow crab production and prices. Still, the increased
production and lower prices of the smaller snow crab, c. opilio,
in 1997-98 could have an effect on the demand and prices for
golden crab. Note that the latest available NMFS data on the
exvessel price for golden crab (to February 1998) would not
reveal the full effect of the increased production and lower
prices for snow crab, c¢. opilio (Table 1 and Figure 1). That is,
based on seasonal indicators for a short time series (January
1995 to February 1998), it appears that prices of golden crab
could be expected to decline during the early months of a
calendar year (when snow crab landings are high) and then
increase later (when snow crab landings are low) (Figure 2).

Fishing for golden crab is a costly activity (Antozzi, 1997
and 1998). On an annual basis, landings went from 1.73 million
pounds in 1985 (average price, $0.96 a.pound) to 0.83 million
pounds in 1996 (average price, $0.84) and to 1.03 million pounds
in 1997 (average price, $0.87). It appears that monthly prices
in the range of about $0.80 to $1.00 a pound have been sufficient
to keep landings at about a million pounds per year in 1996 and
1997 or about 20,000 to 180,000 pounds per month (Figure 1).
Prices and/or landings during four months of 1995 were higher

(Table 1, Figure 1). Monthly landings and prices are quite
variable, and trends are difficult to discern visually (Figure
1). If one tries to envision a straight line to represent the

volatile data over time in Figure 1, it appears that there may
have been something of an upward trend in prices from late 1995
and early 1996 (say 80 cents per pound) to early 1998 (say 90
cents a pound). It is more difficult to envision trends in the

monthly landings.
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Table 1.--Southeast golden cradb landings, value & exvessel price, and eftort

Logbook data far South Atlantic Council Southeast monthly
ones averages (1995-96
) daca)
Southeast landings (NC-TX)  Middle Middle Southern Mid/south
20ne z0ne zone z0nes sun
Thousand Price, Value, traps thousand thousand thousand Average
Month pounds §/pound dollars hauled p d P ds P ds month FTice
Jan-95 37.42¢ 97.91 36634
Feb-95 %4.170 100.21 94365 :
Mar-95 106.278 93.98 99877 )
Apr-9% 115.542 90.47 104534 -
May-95 124.370 95.16 110358
Jun-95 - 366.320 $5.11 348419
Jul-95 352.073 102.27 360087
Aug-95 70.351 116.25 81784
Sep-95 197.169 98.23 193676
oct-95 £1.894 89.30 55272
Nov-95 128.052 82.65 1050842 399 13.600 13.600
Dec-95 76.540 83.13 65293 1202 48.060 46.060
Jan-96 $6.112 81.00 45452 721 38.650 38.€50
Feb-96€ 35.416 82.67 29278 542 32.300 32.300
Mar-96 105.448 7%.03 83332 207 43.050 43.050
Apr-96 121.57 80.52 97889 1120 47.950 47.950
May-96 121.763 79.82 97193 1426 53.140 §3.140
Jun-96€ 171.567 05.32 146376 1821 48.150 48.150
Jul-96 34.117 87.03 29693 1363 41.705 41.708
Aug-9€ 14.680 86.98 12769 1526 46.950 46.950
Sep-96 66.386 29.68 59536 159§ 49.000 49.000
Oct-96 37.392 87.37 32870 1079 32,6358 32.635
Nov-96 25.221 89.94 22684 960 26.800 26.800
Dec-96 40.842 90.54 37143 1608 €2.830 €2.830
Jan-97 57.566 81.7% 52817 1580 T2.020 72.020 1 91.8%
Feb-97 £9.172 91.51 54150 1202 $7.3100 €.712 €3.812 2 91.1¢0
Mar-97 129.94) 90.24 117261 1288 58.920 15.666 74 .586 3 87.7%
Apr-97 109.622 82.67 90622 1417 €2.900 24 .980 €7.880 4 84,55
May-97 178.535 B1.2¢ 145074 2003 84.872 108.3868 193.260 s 85.41
Jun-97 130.865 78.22 102364 1096 43.580 54.773 98.2353 [ 86.22
Jul-97 103.463 81.06 83864 1652 60.648 £2.990 113.638 7 90.12
Aug-97 £€7.434 94.98 64049 1792 $3.035 15.760 78.79% [] 99.40
Sep-~97 §3.241 $3.89 49988 1484 §5.330 21.240 93.93
Oct-97 £3.660 82.98 49891 1439 49.041 15.927 89.88
Nov-97 59.287 93,66 55527 766 24.500 17.667 88.75
Dec-97 29.39¢ 95.18 . 27978 874 29.98%0 9.595 89.75
Jan-98 42.5658 96.73 41174 937 36.130 18.480
Feb-98 62.392 90.00 56183 1182 45.070 28.697
Mar-98 1124 43.630 4.400
Apr-98 455 17.%00
Price (southeast) = f (landings, southeast) lLandings (mid aone) = f (traps, mid zone)
Regression Output: : Regression Output:
Constant 89.082¢ Constant €.3781
Std Err of Y Est 7.8372 Std Err of Y Est B8.2863
R Squared 0.008) R Squared 0.731
No. of Observations 3e No. of Observations 3o '
Degrees of Freedom 3¢ Degrees of Freedom 28
X Coefficient(s) 0.0092 X Coefficient(s) 0.032%
Std Brr of Coef. 0.0168 Std Brr of Coef. 0.0037

Traps (mid zone) = f(price, southeast)
Regression Output:

Constant 579.6558

Std Err of Y Est 403.3472 -

R Squared 0.0117

No. of Observations 28 .
Degrees of Preedom 26

X Coefficient(s) 7.6463

Std Err of Coef. 13.7631 ' .
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Appendix 1. Golden Crab Progress Report (SERO-ECON-98-01)
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GOLDEN CRAB PROGRESS REPORT

Prepared by:

William O. Antozzi
National Marine Fisheries Service
Southeast Regional Office
9721 Executive Center Drive North
St. Petersburg, Florida 33702

October 1, 1997

" SERO-ECON-98-01
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At present, there are five or six vessels dedicated to harvesting
‘golden crab full time. One is docking in St. Petersburg, one in
Ft. Lauderdale, two in Marathon and one or two in the lower Keys.
Two companies are processing golden crabs into frozen cocked

: sections {(clusters).

Golden crab dealers and processors are trying to recruit
additional new vessels into the fishery, but without much
success. Seasonally, however, several more boats fish for Golden
Crab. This occurs between March and July, during the closed
lobster season, when lobster boat operators engage in this
fishery to supplement their revenues. At that point, the number
of boats active in the golden crab fishery reaches about one

dozen. .

Combined Gulf and South Atlantic landings during the latest
twelve-month period (June 1996 through May 1997) totaled 897,000
pounds, down 46% from the previous twelve-month period (June 1985
through May 1996). The total value of crabs landed (ex-vessel)
during the most recent 12 months totaled $781,000. This also
represents a decline, down 48% from the total value recorded
during the previous twelve-month period.

Despite the drop in volume and value, wholesale dealers report
that golden crab appears to be creating its own market niche.
Repeat business has become more commonplace. This is a positive
sign for long term health of the industry. However, lack of
product is inhibiting the market from expanding.

An explanation for the lack of production is the difficulty and
cost of conducting the golden crab fishery. This fishery requires
a sizable investment of special gear, including trap long lines,
traps, buoys, and on-board holding facilities that will keep i
‘crabs alive. Furthermore, the deep water nature of the fishery
can result in lengthy trips (primarily for those vessels fishing
off Florida’s West Coast), the need to operate in adverse sea
conditions, and dealing with strong currents that may submerge
the locator buoys for the trap longlines.

Ex-vessel prices are an important factor in attracting vessels to
any fishery. Ex-vessel prices for golden crabs have averaged $.83
per pound for the last two months (see attachment). This can be
compared to monthly ex-vessel prices of $.90 to $1.04, received
during the spring and summer of 1995, when the number of active
vessels was estimated at 20 to 25, including several large

Alaskan vessels.

Ex-vessel prices for golden crab are being depressed by the
abundant supplies of other large crabs, primarily snow crabs
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Appendix J. New Fishery Awaits Managenient and Fishermen (Fathom Vol.7 No.1)

Crabs Offer Golden Opportunity
NEW FISHERY AWAITS MANAGEMENT AND

FISHERMEN

By Jay Humphreys

- In the four a.m. darkness, the
gentle throb of the Lady Mary's
diesel engine echoes softly from the
high-rise office buildings and apart-
ment complexes lining the inter-
coastal waterway. Inafew
hours, the streets of Fort Lauder-
dale will be filled with snarling traf-
fic and harried commuters rushing
to their desks. By then, the
boat’s captain and two-man crew
will have left the city far behind in
their pursuit of one of the sea’s

newest and most promising
catches—the golden crab.

*“We’ve been catching these
crabs full time for a little more than
three years,” says Richard Nielsen,
Jr. as he deftly guides the Lady
Mary down the center of the canal.
“I guess that makes us the most ex-
perienced golden crabbers in the
business.” -

Nielsen explained that, like
many things in life, he and his
family’s dedication to golden crab

fishing was more a matter of neces-
sity than design.  Years of fish
trapping came to an end at mid-
night on December 31, 1991,
when new regulations prohibiting
the traps took effect. During the
previous ten years, the Nielsens
had learned a lot about where to
find golden crabs because the little
known crustacean had often come
up in their fish traps. It didn’t
take the Nielsens long to switch
from fish traps to crab traps.

J-1
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“Fish traps were outlawed as of
January 1, 1992, Nielsen said.
“That’s the day we became full
time golden crab fishermen.”

A Tough Job Gets a
Little Easier

Getting into the golden crab
business is not easy, Nielsen ex-
plained. Not only is the right kind
of gear required, a golden crab
fisherman also has to find the crabs
and to do that he has to look in
deep water.

“These crabs are literally deep
sea creatures,” Nielsen said.
*“They live more than 1,000 feet
down and the job of handling traps
at that depth, especially when you
have to deal with the strong
Gulfstreamn Current, can be ex-
hausting, as well as frustrating.

We nearly starved the first year.
The second year was a littie better
and by the end of the third year,
we had pretty much figured out
how to squeeze a profit out of the
fishery.”

In addition to the lack of infor-
mation about the crabs and difficult
fishing conditions, the fishery has
been plagued by another problem-
-marketing. The Nielsens have
worked with Sea Grant and USDA
to develop a market for the crab.
So far, their major purchaser has
been the Rustic Inn, a local restau-
rant that specializes in the crab.

The rest of the catch is processed,
frozen and shipped to traditional
wholesale outlets and supermar-
kets. Local interest in the golden
crab among seafood lovers has in-
creased tremendously and recent
drastic declines in the snow crab
and king crab quotas in Alaska
have stirred national and interna-
tional interest in the new fishery.

*This fishery is ready to take
off—all of a sudden it’s the thing to
do,” Nielsen said. *“There are so
many displaced fishermen due to
the near collapse of some tradi-
tional fisheries and new restrictions
on gear. They are looking for a
new fishery and that’s why we’ve
gone to the South Atlantic Fisheries
Council and asked them for a lim-
ited entry status for the fishery.
Without that sort of control, this
fishery could be easily over ex-
ploited.”

Crab Provides Unique
Management Oppor-
tunity

The golden crab fishery presents
the South Atlantic Fisheries Man-
agement Council with a unique op-
portunity to put management tools
in place virtually at the opening of a
fishery. In the past, most man-
agement actions have come well
after a fishery is on its way to be-
ing overfished.

*“There’s a big market for crab
worldwide and that’s going to put a
lot of pressure on the golden crab
fishery,” said Richard Nielsen, Sr.,
the father of the Lady Mary’s cap-
tain and first mate, and in many
ways, the father of the golden crab
fishery. In a dockside interview,
he offered his views on what the
future holds for the fishery.

“Don’t get me wrong,” Nielsen
senior said, “the coming pressure
on the golden crab fishery is a
good thing. Fishermen are up
against the wall financially and this
is a new species with lots of poten-
tial. 'We probably have a two-
year window of opportunity for the
golden crab to establish itself in the
marketplace before Alaskan crabs
retum. My primary concem is to
get some regulations in place for
this fishery as soon as possible to
protect it for future generations.”

Working with the Council, the
Nielsens have helped shape pro-
posed regulations for the fishery.
Some of the key features are: no
taking of female golden crabs, an
opening to allow juveniles and
smaller fernales to escape from the
traps, and an escape hatch to allow
all trapped crabs to free themselves
if the trap becomes lost. This
would eliminate the so-called

*“The Council has really gone
along with us in every way to get
the right kind of regulations in

Draft Golden Crab SAFE Report
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place,” Nielsen said.  *] feel really
good about their interest in the crab
and the professional way in which
they have approached managing
the fishery. Not only will regula-
tions protect the fishery, it will give
the Council a head start on manag-
ing it so future regulations should
seldom be needed.”

Nielsen also had kind things to
say about Florida Sea Grant’s role
in discovering and developing the
fishery.

“Sea Grant has been in this with
us from the very beginning,” said
Nielsen. “In fact, it was Sea
Grant that really got both the scien-
tific and fishing communities inter-
ested in the crab.  Sea Grant re-
searchers went out on our boat
with us and that was a great help to
us in learning more about the crab.”

Nielsen also credited Frank
Lawlor, the Sea Grant marine
agent working that part of Florida’s
coast, with giving him an under-
standing of how regulations are
written and introduced.  “Frank
has helped us all along the way,”
Nielsen said. “He has been our
interpreter of government regula-

Appendix J. New Fishery Awaits Management and Fishermen

Public hearings on the pro-
posed regulations will be held
through August. At that time, the
Council will make its decision on
the fishery and it will be forwarded
to the National Marine Fisheries
Service for a final ruling late this
year or early in 1996.

Crabs Ho!

Back aboard the Lady Mary,
conversation and comfort are re-
duced to a minimum as the boat
moves through Baker’s Haulover
and meets the open sea. For the
next several hours, the boat paral-
lels the shore, rocking just beyond
the surf rushing toward the world
famous sites of Miami Beach.
Even in April, the subtropical

- morning is uncomfortably warm.

The sun slips above the horizon
and gives a sparkling glow to the
spray tossed high by the Lady
Mary’s crashing bow. Itis ap--
parent to everyone onboard that
Florida’s sunny warmth will be with
them throughout the day’s work.
It’s a long run out to the traps,
but not nearly as far as the trip

Finally, Richard Nielsen pulls
the throttle back and the boat be-
gins to wallow in the trough of bril-
liantly blue water. Using only
LORAN and depth finder, Nielsen
has brought the boat to the spot
where they had put down a trawl
of 30 to 35 traps nearly 11 days
ago. Normally, the traps are left
for about five days but a trip to Sa-
vannah to attend a South Atlantic
Fisheries Management Council
meeting has delayed the recovery.

Once snagged, the line is

quickly fed into the boat’s portside
hydraulic hoist. Recovery of the
traps is surprisingly quick and soon

tions, as well as being the guy who  made by the two golden crab boats  the first trap breaks the surface.
put all the meetings together and operating in the Gulf from portson  1nside, several golden crab seem
organized us so we could getthis  the west coast of Florida. For almost pure white in the bright sun-
work done in a timely manner. them, the round trip out to the deep  light. It takes several seconds to
Without his help and encourage- water and their traps can easily realize that the crabs are indeed
ment we may have givenupalong  take 30 hours. By 6 p.m., 14 golden, or at least a warm, buff
time ago.” hours after casting off, the Lady color. The trap is quickly emp-

- Mary should be back at her berth. - ‘tied; the crabs are stored on ice,

J-3
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and the next trap is ready to be
emptied.

“The crabs are pretty lethargic
when they first come up,” said
Dave Nielsen, the youngest Nielsen
crewmember. “I guess the
change in temperature causes
that...and there’s also the change in
pressure for them to deal with.

The water where these crabs live is
. 40-45 degrees and we’ve just
pulled them up through the warm
Gulf Stream. But what they really
object to is the light.  After we get
them in the shade and on ice, they
recover completely.”

Recovery of the traps, removal
of the crabs, and dropping freshly
baited traps takes less than an hour
to accomplish. Then, the boat
heads for the next trap location.
Typically, the Nielsen’s keep three
 trawls set at all times.  And, al-
though Richard Nielsen doesn’t

want to reveal the exact Jocation of
where his traps are set, he does

say that experience has taught them
that the best place to find golden
crab is in water more than 1,000
feet deep and on a bottom made of
clay covered with sand.

Finishing the Job

The return trip brings the Lady
Mary back into Fort Lauderdale
just as the evening rush hour traffic
begins to build along the streets
and highways nunning beside and
over the intracoastal waterway.
Except for general clean up duties
and securing the boat at her berth,
the crew is finished for the day--
catching, unloading, and transport-
ing the crabs all in one day is
largely beyond the limits of human
endurance. Instead, the iced
catch is left aboard the boat until 7

The traps are
lifted onto the
Lady Mary's
deck (left). Once
the crabs are
removed from
the traps (right).
they are stored
on ice for the
trip back 10
shore.

am. thennextmoming. Then,
captain and crew return and load
the live crabs into a waiting tractor
trailer. From there, the truck
takes the crabs to a new golden
crab processing plant located at
Marathon in the Florida Keys.

The Nielsens agree that despite
the early setbacks, they are glad
they’re golden crab fishermen.

Not only do they feel that they may
be on the threshold of opening up a
new, largely untapped, and poten-
tially valuable fishery, they also get
a great sense of pride from know-
ing that they are truly the pioneers
of golden crab fishing. With the
proper management and marketing,
the next few months could easily
usher in the golden age of golden
crabs.

Draft Golden Crab SAFE Report

J-4



Appendix J. New Fishery Awaits Management and Fishermen

MEET THE GOLDEN
CRAB

Although the golden crab, Chaceon fenneri,
first appeared in scientific collections as early as
the late 1800’s it was not until nearly 100 years
later that it was recognized to be a distinct spe-
cies. During the 1980’s, Florida Sea Grant re-
searchers and extension personnel first became
interested in the new crab’s potential as a com-
mercial market. Due to their work, including
three research projects and a major workshop
held in 1990, interest in developing a golden crab
fishery began to grow. ,

Dr. Bill Lindberg, a Sea Grant researcher at
the University of Florida’s Department of Fisher-

ies and Aquatic Sciences, headed two of the
early projects devoted to the crab—a survey
conducted by a deep diving submersible and a
regional trapping survey-to determine how many
there are and where they can be found.

. “The golden crab s a large crab—in a
fishery sense they are similar to the king crab,”
Lindberg said. “But in many ways, they are
quite distinct.”

For instance, Lindberg explained, the crabs
are thought to live as long as 35 years and may
take 6-7 years to reach maturity. They live at
depths greater than 1,000 feet and are found in
the Atantic and in the eastern Gulf of Mexico on
the Upper Continental Shelf. In fact, the largest
concentration of female golden crabs was found
in the northeastern Gulf west of Tampa. The
proportion of fernales to males declined from that
point southward, around the southemn tip of
Florida and up the eastern side of the peninsula.

“Based on what we know, the golden crab
fishery has potential for commercial success,”
Lindberg concluded. “But prospective crab-
bers should be aware that the crab’s low repro-
duction rate means the fishery could be easily
overfished. In addition, working the traps in
deep water is not an easy job.”

J-5
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Golden crab:
growing a fishery the right way

When fish traps were banned off Florida in 1992, the Nielsen fomily lost
its livelihood. Turning their aftention to golden crab, they helped pioneer
o promising new fishery. By Hoyt Childers

Fravtonmarie Ay Wi s Cormiu ns

apt. Richard Nielsen Jr., a great bear of a man, plants
himself like a tree at the wheel of the crabber Lady Mary
and deftly works the throttle and hydraulics. Slowly, the

2 1/4-mile traw] line begins to snap and pop and complain
through the hauler, shouldering the strain of lifting traps
loaded with golden crab from 130 fathoms.

The first trap breaks the surface and stops
nghi af the hauhng block as Nieisen cuts the
power. His brother. David, grabs the trap
with 2 hook and swings it OMO the wood-sur-
faced working rail. He muscies the trap
siemward where he and fwo mates empry i
of 1wo gozen or 5o large. bufi-colored maje
crabs before rebmiung snd slhiding o 10 star-
board. ready to be dropped over the open
siem at the end of the haul. It's all over in
three minuies or jess, and then David 15
swinging another koaded ap on 0 the mail.

Richard’s hands move smoothly from
thronie to whee!l to hy /| is as he

faitiead and snaps the line back 1mo the still-
spinmng hauler.

By the ume the Nieisens have hauled 3
few more gaps. they know it's gomng 1o be »
#00d day. That means a ot wiven vour work.-
day begms long before dawn and could run
10 midrughl. Good prospects aiso mean a ot
when the news 1n commercial fishing has
been bed for vears — when vour batk has
been against the wall for a long ime

This tnp began several hours earher at 4
-am:- when Capt.-Nreisen cased the $1° Ladv
Mary owt of Griffin Manina. her 380-h.p..

keeps the Lady Mary tn proper posiion rei-
auve 10 his tawl while 15- 10 20-knor winds.
strong Gulf Stream currenis and messy.
qQ g seas 10 make »
of hus trawl line and traps. Octasionally. the
fine siips of! the hauling block or snaps with
2 loud bang oul of the hydrauix shesve.
Nieisen seldom breaks rhyihm as he
throws 3 few coils of lue overboard 1o gain
siack and slips the hine back over the owi-
board block or takes a Quick tumn sround the

ped Voivo diesel a subdued muner
The Lady Mary 15 the bigges! bost 1n the
manna. and it's a very ught fit. Ali around
arep vachts and sponf)

The mp 10 the crab grounds takes three 10
four hours, a poad ponon of thal itme navi-
paung “No Wake™ zones as the inoacoastal
Waterway threads nts way through gowmiown
Ft. Lauderdaie and north Maami. Ji's an odd
sensaion. rumbling along in the predawn
dark i this ]
an mmmense fores: of dark office buildings.
fesont hoteis and high-nse condos side by.

10 while b

Capt. Richard Nielsen Jr. constant)y
works the throltie. wheel and hvdraulics

ling traps

lmml‘ml!ﬂlm

the pec

The Laoy Mary pasaes mann.- ;:
home 10 scores 6 milhwon-Quiic- &, |
YACRI> DUl RATAIN 2Ny COMMECIL i 1iane
vesseis
As the Lady Marv eases aton: m ine gy
1t's a good nme 0 Wis. and Neeren s, -
without rancor of how hic 1 tac nsar .
business has become ever More ditigy
sance hus tamuiy moved Tom Massachuset..
w0 Flonada n 196
He loves the life of a fisnerman and nas n
regress for imse!! "l m 3 thirg-penerane-
fanermar.” Neeisen s3v: "l L 3 ice w4
grow up ~ Even 30. e woukdn | choose i
pass fus protession on 10 s chsleoer
“There's no way thal would happer.” he
says. The future 1s wst 100 uncenan. ke
would encourage s chalaren 16 0 10 Cun-
lege mnstead of becomine fisnermen. 1t 1
came 10 that. Forwnaieis. he savs. he hae
Yure daupmers who shom RO INCHINBIKN 1
foliow 1n tus footsteDs. 50 1t's BOL &N 1830,
All alonf the waterway. concreic. pias
ana pe have the .
-welands. pine ano cypeess Moeisen remem.
“DeErs. AnQ_With the arveicOment ave com:
the mepa-¥achis. i mones and evcr
mcveasmng polhitical Coul Tor spont fishn;
C ai fishing hes e
the Noelsens find 3t ancreasingiy difiicult 10
Mmake a iving on an ever-shnnkng sice o

Tive Last Stand

Now, Nieisen savs. the goloen crab fishen
15 8 last siand tor s 1amily “Thes 1 our
future.” he says. “There 1s no other fisher .
thas as ot for us.”

I 15 clesr that Neehien 1 opimisic ahout
the golaen crab fishery and his 1amily «
future 0 3. that he heheves this i poang 10
WOTh. EVEn PETREPS that i 1s Mmeani 10 b

But come what may. be savs he has maac
s peace within mmsclt over the strupelc
That was not siwavs the cas:

in Janusry 1992, the South Atiamc Fash.
ery Managemnen: Council banned fish irap.
-~ the Neelsen's hiveishond. They had touch:

long and hard aganst the ban. and he had

B the soruggic.

“lt com us SHIVAKN. and we never had o
aay sn coun.” Nieisen savs

This was the kow poni 01 a bad me n hie
hic. Nieisen says. and e had become brser
and angry. He even began 10 toy with
thougis of some torm ol cwvil disohedwence
10 highlight the commercial fisherman «
pirght. Mavbe sinking an old boat and biock -
mg s shipping channel would ge1 some
anenion. §1 was scary. he says. 10 see hn-
self tnnking this way. -

N - - £ ch
Nretsen reumed 10 tne faith and the church
he had jurned away trom some 20 veasrs
before. and n changed hus life. ~] had 1 st
ie1 g0 of il.” Nicisen savs of the brierness
and anger that fsith replaced. “h heiped
make me 8 betier person.”

Before ihe South Atanic council banned
fish wraps. the Nielsens had been caiching

Tl )
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golden crab as 3 sideline and developing
their pear and technigues SINCe about 1988
“usee NF. Oct. "B7. p. 8). Afer the ban wok
efiect on Jan, 1. 1992. they decided to grive
1t a oy full-umc.
Now. Nieisen savs. it is begmnnng 10 lool.
hike his 1amily can prosper mm the polden
" crab fisnery. Sometimes tnings have a w3y
of working out for the besi. He may ver
come 10 thank the South Auanuc council for
banning fish oaps. he adds half-gokingl).
By now. the Lady Mary has aimost com-
pieted her urban passape. Nieisen thronles
up the Voivo diesel as the boat TOves mio 3
channe! and begins to meet rougher seas.
Occasionally. » blast of saji spray finds the
trg exhaust suck soroutmg from the engme
canpamniewlmmmdwmm
a slighty acrid-smelling cloud of sieam. It's
s1ill dark. Heavy spray pounos the black
expanse of the 16 -wide windshield time and
apain as the Lady Mary furns Stem=o 10 the
waking hghis of Miam: and fnuscles her
way 1n1o the open ocean. The powerful
grow} of the big dresel 15 3 cemiomng

When we pproach the deep
waters. Devid Nieisen and crew memben;
Tummothy Sandier and Tom Gagnon come
up from below where they ‘ve been oving to

Growing a Fishery the Right Way

d his he and Devid resdy

catch some sieep and begin 10 prepare for
acuon. Everybody trades sneakers for white
rubber boots.
Picking Up the Trawl
When Richard's loran telis him he's

& hesvy grappic chain W Grop over the side.
This may be the trickiesi operation of the
whole Tip.

Before the Nielsens can harvest their

crebs. they heve 10 find the gaps. This 15 the
part that looks like magic 10 the uninsusted.

Somewhere below, deeper than 800 on the
edge of the cominental shelf with no connec-
©on whatever 1©© the suriace. resis Nielsen's

ormh

Marketing hurdles

w-‘on-u—-—--m-uu—m
N Ahﬁh“d‘l‘;ﬁy

“mm*-ﬂqb”“ﬁ
‘Deknown soweamer 2 175, bt they wenid sssk & and
sosk it ans sssk it, waiting for R %o turh res when
“gone® ke Mvy Gther RorESl erestseemn.

When and It they trted to ast it, ks overssahed tex-
ture weold resemble shee ioather. Heve's the doat:
Cook goisen ernb and enjey it 8o you weuld any ether

anl in.

made for 8 very tough yest.
Whet 8 @fferense three yoars asn mahe. Duyers are
--*.u-m-.-u—-.-nun—-

“i= the lust fow menths. the market's really tahen off,”
Rishard Nisiesn k. soys. Just lesally, they sell 3.000 he.
o 5.000 . por wosl. Misisen soys be gots shaut 81
per . 8t wheilsaste.

Gelden erabs ssem o be hardy erestures ans oo be
hapt slive like lohstars in helding tanka. ¥ isad bamedi-

Stely when remeved frem the trap, they ann be hept altve

The polden crab. chaceon fennen. »
GEEP-WBIET. 3O -FTOWINE SPECICS.
became 1he tarpel of commercaal fisher-
N I e earth« 10 MId- 19N,
Foll-grown males can wewn up 10 § Ibs.
Above, David Nietsen dispisss some of
the tiny starfish ke behieves the goloen
crab mey leed on.

2 Jsa-mile-long trawl line strung a1 450
wmerenls with mesh Taps measunag 4 1 MV
x 15", Each uap mught hold 25 Ibs. 10 SO Iby
of cTab 8 the end of 2 weeh-long soak Tne
wind 13 blowing 15 10 20 knots. snd the Gutt
Stream currenis are sirong ang unpre-

Ir's iooksng tor the pr nee:
die 1n a moving n\ S\aCh — on a grand
3caic — if you don’'t know what vou're
dong.

The Nieisen brothers drop the heavy grap-
pie over the side. and Richarg nurses the
Lady Marv siong with the thronie. ms aMu-
Hon and the MOveNEnl and tension on the
grappie hine selhing im whst 1s happenm;
on the botiom. Twice he engages the
hvarsulic hasiing pesr wath no success. The
thurd time his tace highus up and he vells -
the crew that he's got 1. It's alwavs easicy
aner the firs1 one. he says.

Once the crew has & trap on board. they
work guckly 10 unload 1t and pet the crain
on xce. They throw back s yuickly as posss-
bie the femaie or maic
that hasn 't siready found sy wav owt ol onc
ol two escape holes.

From the very bepinming. Nieisen say,.

cvak; just den't axpect it to term red.

When the N began tarpoting peiden cvab fuli-
“—thwe In 1982, the esler pv »
& sow sestesd produst snd othwr startap prebioms

they have himited thewr cach 10 Maiure. Mak
crabs. They don't keep lemales or small

- WL, males. Each irap has two 27 » 47 escapc
N holes built 1. and this eftectively imn

on jow for 34 heeve & muere. They siso san be ket fresen
o e e, o

%
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kecpens 1o 12 Jbs. or Jarger. Because of the
escape holes, very few females or small
crabs remain in the traps when they're
hauied out

“We've decided on & minimum size for
ourseives.” Nicisen says. “Abso. bycatch is
almost non-existent in this fishery. 1 can't
rempember the lant tme we caught a fish in
the tap.” be says.

On this parncular trip, bycsich amounts o
exactly four isopods — foot-long. wiggly,

Appendix K. Golden Crab: Growing a Fishery the Right Way

Veterao flaberman Richard Niclssn Sr. spest more than two years tursimg 8 besvy-
duty bare bull into the Lady Mary. A 380-b.p. Volvo diesel powers the 51'

that have led the
decp bonioms for millions of years. The
Nielsens call them “sea rosches™ and they
m»mmwmmm.
mppmnﬁwul&-mu

WhakD-ndNnhulndC-pmwy
:hcnp Sandler rebaits it with fish carcasses
they get from local fish houses. Gagnon
packs the crabs in ice in large lgioo coolers
or plastic baskers, and Dwvid is on hus way o
hook the pext rap that Richard has hauled
up. They all work rapidly. moving with the
deliberate speed of men who know it’s gomng

) 0 be a long day.

Once they have s dozen or 30 Jasded cool-
e siacked on the open deck. Devid opens
the afierhold and they shift the cooless below

Setting Out
The Lady Mary’s sern is open, like many

* decks.

H-d*“h-‘bh-mn* '-~ ‘ubile husslag. Pinel seghiations
*.’ohdu.*ﬁ.db -

- ‘ﬁh*"bbw <=_Limiling watry $o the Sishery based Agnl ’
‘: h“‘”“bh“»- -m-dﬂ--.*—.- of .".
z ane seak Nohury, S ot - Heenned vesssls fev cash of avvers) dusigatnyd Sabing
- Am the Bhaie of Pwidn, intevest i» T b h—.-‘-*“—m

s shyeashntad in just the fost souple of meuths ... . E ]
e e e o e Ot of i — et et omtnn
‘ase aew. Pwe i the Guit of Nesise ang - -uw-d
wbu:-!ﬁvﬂ—ﬁ-; . -~04~~.-,.‘-‘
ve ABelsan euys theve e ue gaar conflists N
M-y-.—h-.bt-ﬂd.-“b~ ﬂ“‘.‘h“;:’b
*.mbﬂnhﬂr-_ - “h*h

—ne.

K-3
Draft Golden Crab SAFE Report
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3 move th 1} and their gear

- about

and nothing gets washed m.'

Capt. Nicisen says thal when his dad,
Richard (Dick) Nieisen, compleied the
Lady Mary in 1989, the open siem was &
source of grest copsternation o local,
i Florids “*How many

remains active ip the business bt doesn't
£0 Oul on the bow snymOrT.

The denagn makes & Jot of sense afier the
baul when the Lady Mary speeds back
across the crabbing grounds and the big
vaps slide easily off the open stem. )

* . By the timethe cyew is working the third
and final trawi, they know they have a good
haul for the day. . ] ]

“Beuter than 35 lbs. per trep is considered
#00d.” Richard says. His besi-ever haul
with these traps sveraged 53 Ibs. per wap.
Foday, the haul is sveraging about 43 lbs.
per trap, and be clearly is pleased.

The third set is the -best of the.dsy. Every
. rap boids 8 good losd of the big, pale deep-
water crabs.

After the last raps are rebaited and
dropped over the sierp back inio deep
water, Nielsen reiaxes, huns the heim over
10 one of bis crew members and goes beiow

" for his first sit-down meal of the trip -
some tasty herb-baked chicken, pasta and
vepetables.

—ae e

e A re-venaria -
o S A e T il g, ]
— e S S

¢ <in the baghuming, they ssed the My feh teape. bet cosn

WSR2 20° g huw @ reber femme. et mash

|

_4_"&“

The Lady Mary heads for pors loaded
with 4,300 Jbs. of crsh. Both holds are full
of 1 “g A p § gy .l
and ice, and more coolers are jashed and
covered with tarps an deck. It’s aot 8 capac-

. ity losd for the Lady Mary, bt it's close.

ll'sbeulhawmnuuedlynd.
mlhmnpeaeddlymbeuy
Mary revenses into ber slip at 8 pam. It's
stil) full daylight. .

lapee of crab fisheries in Alasks. What's

be says. : happened in Alaska is “a perfec exampie of

But he does allow himself some ematious What Bot ©© do.” he says. This is s chance
optimisn based on the fact that this is an 0 do it tight from the beguming. be says.
mfent commercial fishery that his family The kind of success the Nielsens are
bas belped pi and tha b ing 10 anain in this fishery feels

practices based on sustamabic yield princi-
ples might well make golden crab a contin-
ving, visble fishery for a score or so of
boms. This is a chance © pot o practice
kpowledge pamed from mistakes made in

Nicisea is b

to make preds
Mh@dummﬁuy_

Othey places, be swys, mos: nowbiy the col-

Mheuyu.lhhnumvm-' g for
more crab than be can produce. and it looks
like 1995 will be » very pood year.

“It's somettung we've mrved for the past
20 years,"_he says. =]
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Workshop Report (January 1990)
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FREFACE

Considerable research in recent years has been invested in
the basic biology, ecology, and fisheries of deep-water crabs,
Family Geryonidae. These efforts have been concentrated off the
southeastern United States and southwest Africa, following earlier
work from the Mid-Atlantic states of the U.S. to the canadian
Maritime Provinces. Species of primary interest have been the
golden crab, Chaceon fenneri, and the red crabs C. maritae and C.
quinquedens. Only a fraction of recent data has been published.
Yet, the many investigators and sponsoring agencies sought to
foster regional comparisons, to inform the commercial fishing
industry and resource agencies, and to provide guidance for future
research investments.

On January 19 and 20, 1989, an invited panel of scientists,
fishermen, and Sea Grant Extension faculty met in Tampa, Florida
to share their results, conclusions, and latest hypotheses. This
report, as a summary of workshop presentations and discussions, is
simply a vehicle by which that expertise can be delivered to a
broader audience. In due time, the data summarized here should
appear in the primary literature. Meanwhile, persons needing
greater detail are encouraged to communicate directly with
individual investigators.

This international workshop was possible only through the
generous sponsorship of several agencies and institutions
acknowledged on page iii. We are particularly grateful for the
administrative leadership and financial support provided by aAlan
Hulbert and the National Undersea Research Center, James Cato and
the Florida Sea Grant College Program, Margaret Davidson and the
South Carolina Sea Grant College Program, and Hugh Popenoe and the
International Program of the Institute of Food and Agricultural
Sciences, University of Florida. Workshop arrangements were made
by Twila Stivender and Monica Lindberg, much to the relief of the
workshop co-chairmen, and the report was prepared for publication
by Margaret Lentz and Karen Swanson of the South Carolina Wildlife
and Marine Resources Department.

Ultimately, credit for this workshop's success belongs to the

attendees for their enthusiastic participation. We very much
appreciated the collegial exchanges, critical comments, and good
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humor. Much remains to be learned about these crabs, and about
the ecology of the upper continental slope in general. It is our
hope that continued research will give cause for a similar
gathering in the not too distant future.

W.J. Lindberg and E.L. Wenner
Workshop Co-Chairmen
April 1989

L4
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WORKSHOP SPONSORS

National Undersea Research
Center/University of North
Carolina at Wilmington

South Carolina Sea Grant
Consortium

Private Donations through the
School of Forest Resources &
Conservation, University of

Florida

Department of Fisheries and
Aquaculture, University of
Florida

National Museum of Natural
History/Smithsonian
Institution

Halifax Fisheries Research

Laboratory, Department of
Fisheries and Oceans, Canada

Department of Biology,
Rochester Institute of

Technology

Gulf Coast Research Laboratory

Horn Point Environmental
Laboratory, University of
Maryland

Department of Biology,
University of South Florida

School of Fisheries,
University of Washington

L-5

Florida Sea Grant College
Program

International Programs,
Institute of Food and
Agricultural Sciences,
University of Florida

South Careclina Wildlife
and Marine Resources
Department

Florida Sea Grant
Extension Program and the
Florida Cooperative
Extension Service

Sea Fisheries Institute,
South Africa

Smithsonian Environmental
Research Center

Georgia Sea Grant
Extension Program

Marine Sciences
Institute, University of
Connecticut at Avery Point

Department of Marine
Sciences, University of
South Florida

Marine Research ,
Institute, Florida
Department of Natural

--Resources

Maryland Sea Grant
College Program
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ETUDIES 'ON BYSTEMATICS OF GERYONID CRABS

Raymond B. Manning'

Geryonid crabs are true deep-water crabs that are found in
all oceans except in the eastern Pacific above Chile. They occur

in depths from about 100 to more than 2800 meters.

studies on the geryonids have revealed that the family
comprises three genera: Gervon proper, with three anterolateral

teeth on the carapace, containing two species restricted to the
northeastern Atlantic and Mediterranean: G. trispinosus (Herbst)
= G. tridens (Kroyer)) and G. longipes (A. Milne Edwards) .
Although these are relatively small geryonids, with maximum
carapace widths of about 10 cm, they are fished commercially.

- Two new genera, Chaceon and Zarigquievon, both with five
anterolateral teeth on the carapace, have been recognized in the

family. 2ariguievon containing one small species from ca.

meters in the western Mediterranean, was named for R. Zariquey
Alvarez. Its size, width about 2 cm, shape, and inflation of the
carapace distinguish it from the other geryonid genera. The second
new genus, Chaceen, was named for Fenner A. Chace, Jr.,
contains all of the species now placed in Geryon that have five
anterclateral teeth on the carapace. It includes 11 named species
previously placed in Geryon, G- affinis (A. Milne Edwards &
Bouvier), northeast Atlantic; G. chuni (Macpherson) , Namibia and
south Africa; G. ervtheiae (Macpherson), valdivia Bank; G. fenneri
(Manning & Holthuis), west Atlantic; G. granulatus (Ingle), west
Africa; G. - granulatus (Sakai), Japan; G. jnghami (Manning &
Holthuis), Bermuda; G. pacphersoni (Manning & Holthuis), southwest

west Africa: G. paulensis (Chun), south Indian Ocean?

Indian Ocean and South Africa; G. maritae (Manning & Holthuis),

i ed (Smith), northeast Atlantic. Ten new species have been

described from this genus: 4 South American, 2 from St.
1 northeast Atlantic, 1 Mediterranean, 1 from Madagascar,

the central Pacific. Members of this genus are large crabs, with

carapace widths ranging from about 7.5 to more than 20 cm.

characters that are important in the group include: color in
life (red, tan, purple/brown, or white; most species are red or
tan), size of carapace spines in adults, presence of an outer
carpal spine on the cheliped, presence of a distal dorsal spine on

National Museum of Natural History, Crustacean Division,

smithsonian Institution
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the walking legs, relative length of the walking legs, and
structure of the dactylus of the walking legs, whether laterally
compressed or dorsoventrally depressed. Depth range of adults may
also be important.

Some generalizations about geryonid crabs are:
Red species often live in deeper waters than tan ones.

Young crabs of some species may live in considerably deeper

water than adults. fThe young of G. trispinosus settle up te 1000
meters below the adults and migrate upwards as they mature.

_ In some species young crabs resemble adults, whereas in others
they may be very different.

Often two or more species occupy the same general geographic
range. When this happens they may be separated by depth range of
the adults.

Geographic ranges of species tend to be limited. Species do
not occur beyond one part of one ocean, and may even be restricted
to limited areas, such as undersea banks.

L9
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ANIMAL-BEDIMENT RELATIONSEIPS INVOLVING
RED CRABS (CEACEON QUINQUEDENS) ON THE BOUTHERN NEW ENGLAND
UPPER CONTINENTAL SLOPE

R.B. Whitlateh?
J.¥. Grassle
L.F. Boyer'
R.N. zajacs

In August 1987, we began a'multi-year research program on the
southern New England upper continental slope (depth: 750 m) using

the submersible DSR/V Johnson-Sea-Link. oOur focus was on the role
that large, mobile epifaunal organisms have on the biological and

physical structure of the seafloor. Specifically, we were
interested in examining the red crab (Chaceon gquinquedens), one of
_the most abundant epifaunal species at the study site. We

postulate the effects of Chaceon on the seafloor are manifold. For
example, redcrab excavation activities are likely to greatly effect
the type and abundance of infaunal species and potentially
interfere with the natural near-seabed hydrodynamic regime.
Alterations in near-bottom velocity profiles can greatly enhance
or reduce larval settlement and subsequent recruitment in soft-
pottom areas, as well as alter the accumulation and/or removal of
organic materials settling on the seafloor. In addition, the
activities of these organisms can greatly alter the physical
structure of the seafloor by destroying or altering sedimentary
texture and fabric, in addition to accelerating rates of sediment
mixing (relative to the surrounding seafloor). Such activities can
greatly alter the movement of particulate and dissolved materials
into and out of the seafloor.

Results of our six-day cruise indicated the study site was
extensively bioturbated by the activities of epifaunal organisms.
Analysis of videotape transects showed that roughly one-half of
the seafloor was covered by a variety of biogenic structures.

’pepartment of Marine Sciences, University of Connecticut
3Department of Biology, Woods Hole Oceanographic Institution
‘pepartment of GeoSciences, University of Wisconsin-Milwaukee

Spnvironmental Sciences Program, University of New Haven
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Small depressions and pits (less than 20 cm in diameter) were the
most abundant structures, while mounds, caves, tunnels, and troughs
were less abundant. Although it appeared that red crabs were the
principal biotic modifiers of the seafloor, other species (e.o.,
galatheid crabs, white hake and flounder) were also actinc s
primary sediment excavators or modifiers of the red crab-prod .d
biogenic structures. Sediment samples collected from several t. :s
of structures indicated significant differences in pore wa er
content and bulk grain-size analysis; particularly in the upper 2-
4 cm of the sediment. X-radiographs of the sediment indicated
biogenic mixing depths to 20-30 cm, as well as extensive
heterogeneity in micro-topographic relief and sediment textural
fabric.

Patchiness of biogenic features was quantified over a range
of spatial scales. Three of the eight biogenic structures (small
pits, large depressions and caves) were aggregated at the scale of
a single photograph (3.9 m) Measures of patchiness as a function
of length scale indicated structure-specific patterns of patchiness
on scales of tens to hundreds of meters.

The most abundant epifaunal organisms at the study site were
red crabs (8.9 organlsms/loo m“), followed by eelfish (Aldrovandia
affinis, 6.7/100 m), galatheid crabs (Munida sp., 2. 7/100 n°), Gulf
Stream flounder (Citharichthvs arctifrons, 1. 2/100 m ), rat-tail

fishes (Coryphaencides _Azfplngg 1.1/100 m ) and white hake
(Urophycis tenuis, 0.7/100 m°). Many of these organisms were found

in association with various biogenic structures and their
individual dispersion patterns were, in part, auto-correlated with
patterns of micro-topographic relief.

Samples of infauna revealed the study site was dominated by
polychaetes (65.8% of the total fauna), bivalves (9.8%),
aplacophorans (4.7%), and amphipod crustaceans (3.6%). Infaunal
densities averaged 198.6 per 225 cm?, with a relatively high degree
of between-sample variation. The fauna was dominated by members
of the polychaete families Opheliidae, Paraonidae, Capitellidae and
Acrocirridae.

Infaunal samples collected from various biogenic features
(burrows, tunnels, mounds and pits) were compared to samples
collected from "flat areas" (no structures present). While we are
still processing samples, preliminary results indicated no
discernible relationship between polychaete, molluscan and
crustacean -abundance and biogenic features. In addition, no
apparent patterns existed between relative abundance of infaunal
organisms associated with biogenic structures when compared to flat
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areas. Infaunal species composition, however, was highly variable
between biogenic structures and areas without structures;
indicating a high degree of spatial heterogeneity in species’
distributions associated with epifaunal-generated disturbance of

the seafloor.

Support for shipboard and submersible operations were provided
by NOAA's National Underwater Research Center at The University of
Connecticut (Avery Point). We thank A. Desbonnet, S. lLegler-Brown
"and R. Petrecca for laboratory assistance.
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DISTRIBUTION AND ABUNDANCE OF GOLDEN CRAB, CHACEON FENNERI,
IN THE S8OUTH ATLANTIC BIGHET

Elizabeth W. Wenner®

Exploratory trapping for golden crab, Chaceon fennerj was
conducted in 1985 and 1986 off South Carolina and Georgia.
Objectives were to determine depth-related changes in abundance,
size, and sex composition of golden crab in the South Atlantic
Bight; evaluate traps, soak time and gear performance in an effort
to optimize fishing technique; and describe adult life history in
terms of habitat and reproductive biology. A buoyed system with
strings of six traps (three side-entry Fathoms Plus and three top-
entry Florida traps) was fished in seven depth strata: 274-366 m
(150-200 fm), 367-457 m (210-250 fm), 458-549 m (251-300 fm), 550~
640 m (301-350 fm), 641-732 m (351~-400 fm), 733-823 m (401-450 fm),
and >823 m (>450 fm). A total of 770 traps collected 4387 golden
crab that weighed 3936 kg.

catches of golden crab were related to depth. Catch per trap
increased from 2.3 crabs/trap (2 kg/trap) in the shallowest stratum
sampled to a maximum of 12 crabs/trap (10 kg/trap) in the 458-549
m depth zone. Catches then declined to <1 individual/trap in
deeper strata. Catch per trap of golden crab from this study
compares favorably with catch rates reported in the Gulf of Mexico.
Distribution within strata was apparently related to bottom type
since catches were highest on sediments of silt-clay and
globigerina ooze, while few crabs were collected from coral rubble
bottom.

Sex composition changed with depth with male <crabs
significantly outnumbering females in depths from 274-549 m. 1In
the 733-823 m stratum, female golden crab were significantly more
numerous than males. Over all strata, male golden crab outnumbered
females by 15:1. Although the data suggest segregation of the
sexes by depth, it is not known whether seasonal migrations related
to mating or spawning occur among golden crab.

The small number of females collected precluded any definitive
statements regarding ovarian cycles or spawning patterns. Based
on ovarian development, vulval condition, and presence of seminal

és.c. Wildlife and Marine Resources Department, Marine
Resources Research Institute
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products, it appears that female golden crab reach sexual maturity
at sizes between 90-110 mm carapace width. Ovigerous female C.
fenneri were collected only from May-August; however, these data
do not substantiate a spawning season in the South Atlantic Bight
because we were unable to obtain seasonal coverage of all depth

strata.

submersible dives were made in the vicinity of trap sets to
provide information on habitat types and densities of golden crab.
Observations were made along 85 transects in depths of 389-567 m
approximately 122 km southeast of Charleston, SC. Seven habitat
types were identified during dives: soft-dimpled ooze (293-475 m):;
a flat foraminiferan ooze (405-567 m); rippled bottom (419-539 m);
dunes (389-411 m);. black pebbles (481-564 m); low rock outcrops
(503-512 m); and coral mounds (503-555 m). A total of 109 golden
crab were sighted within the 583,480 m’ of bottom surveyed.
Twenty-seven percent of the golden crab, occurred in the flat ooze
which comprised 31% of the total area surveyed. Density (mean
no./1000 m’) was significantly different among habitats, with
highest values (0.7/1000 mz) noted among low rock outcrops. Lowest
densities were observed in the dune habitat (<0.1/1000 m’), while
densities for other habitats were similar (0.15-0.22/1000 m’). The
low density (1.9 individuals/ha) of golden crab in our study area
and the comparatively high catch per trap suggest that golden crab
are drawn to traps from a wide area.

- L-14
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PATTERNS OF POPULATION STRUCTURE AND ABUNDANCE
FOR GOLDEN AND RED CRABS IN THE
EASTERN GULF OF MEXICO

¥.J. Lindberg and F.D. Lockbart’
N.J. Blake and R.B. Erdman®
HE.M. Perry and R.S. Waller’

A Chaceon-typical bathymetric pattern of partial sex
segregation (females above males) and crab size inversely related
to depth was corroborated in the eastern Gulf of Mexico for golden
crab, C. fenneri, and seems to hold there for red crab, C.
quinguedens. Variations in that pattern, however, contradicted a
simple up-slope migration with age to fully explain the
distribution. Instead, sampling at medium-to-fine scales and broad
scales helped refine a working model in which females distribute
themselves to accommodate successful reproduction, while males
distribute themselves to compete effectively for mates. Botton
type, and probably temperature, appear to set 1limits on
distributions.

At a medium-to-fine scale, the bathymetric distribution and
abundance of Chaceon spp., between 348 m and 787 m, were sampled
via submersible transects and longline trapping. In addition to
the Chaceon-typical depth pattern, golden crabs were most numerous
at depths where most hard bottom was found (i.e., 550 m in Year 1
and 437 m in Year 2), and were seen disproportionately more often
on hard bottom regardless of depth. Red crabs were found only on
bioturbated West Florida Lime Mud at the deepest contours sampled,
677 m and 787 m. Large C. fenneri males and females were most
numerous at shallowest depths, but large males were also in low
numbers at the deepest contour. Greater proportions of crabs were
mated at the two deepest contours, suggesting that large males,
once paired, carry females down-slope.

Effects of season, geographic area, and depth on broad-scale
patterns. of catch per trap and crab size were examined with
replicate trap sampling in the northeastern Gulf of Mexico. Golden

_ 'Department of Fisheries & Aquaculture, University of Florida
!pepartment of Marine Science, University of South Florida

Gulf Coast Research Laboratory
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and red crabs differed in geographic as well as bathymetric

distributions. Within limits of our sampling, the geographic
distribution of C. fenneri was restricted to the upper continental
slope off peninsular Florida, while that of C. guinguedens was

adjacent to the northern Gulf coast. Neither species was common
adjacent to DeSoto Canyon. Regardless of sex, overall average
catch per .trap was greatest for golden crabs at the southeastern
station, while that of red crabs was greatest at the northwestern
station. For both golden and red crabs, the proportion of females
increased counterclockwise around the northeastern Gulf, within
their respective ranges. Male and female red crabs were largest
at northwestern stations. Golden crabs exhibited the Chaceon-
typical bathymetric pattern, but seasonal shifts occurred in
population structure across depths, with some 1lags between
geographic areas. From these patterns and other data, we suggest
the Loop Current-Florida Current system has a causal relationship
with behaviors affecting distributions of these species.

For golden crabs, in situ density estimates and defined ranges
in the eastern Gulf combine to yield a crude estimate of adult
standing stock at 7.8 million crabs, with biomass estimated at 6.16
million kg (13.6 million 1lbs). Alone, a sustained major golden cradb
fishery in the region does not seem likely. Comparable red crab
estimates are not yet possible.:
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CHACEON MARITAE BTUbIBB OFF BOUTE WEST AFRICA

Roy Melville-smith'

A number of papers dealing with the biology of Chaceon maritae
have been published in recent years, and many of the facts that
have come to 1light in these papers are relevant to the
understanding of population trends in the fishery. Some of this
information has been combined with new ideas, to explain observed
changes in the annual catch rates and size frequency distributions
of commercial red crab catches off South West Africa/Namibia since
the early 1980'’s.

Chaceon maritae are slow growing, reaching both maturity and
age at first capture by the commercial fishery at 7-9 years (75-90
mm carapace width (CW)). Ovigerous animals are scarce (comprising
only 0, 1-0, 2% of all females sampled).

Mature C. maritae females move cénsiderably greater distances
than the rest of the population, generally in a northward

direction. It is hypothesized that these animals are migrati-zg
into central or northern Angolan waters prior to becoming
ovigerous. It is further hypothesized that larvae produced may

migrate into surface waters and be transported southwards by the
Anolan current, to settle in their highest concentrations between
the summer (22 S) and winter (15 S) frontal areas formed by the
confluence of the South Angolan and Benguela currents. Catch rates
have decreased on the Namibian commercial crab grounds since 1980,
but not in a uniform fashion. The northern and central areas of
the grounds are highly dependent on new recruits to the fishery
(i.e. crabs of 75-90 mm CW). Catch rates in these two areas were
reasonably constant up until 1984, but have subsequently eased,
whilst oscillating markedly.

By comparison, the catch on the southern Namibian crab grounds
(south of 20 S) is less dependent on new recruits to the fishery.
Catch rates in this area have fallen drastically since 1980, but
do not show the same fluctuations described for the northern areas.

The oscillations observed in the northern and central areas
are thought to be due to. the_delayed.effects of depletion of the
brood stock by fishing pressure. ‘"It is suggested that this

Ysea Fisheries Research Institute, South Africa
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situation has led to recruitment now being more dependent on
environmental conditions (e.g. favorable ocean currents for larval
transport) than in the past and that the recent catch rate
oscillations reflect year-classes of variable strengths entering

the fishery.

The decline in catch rates in the southern area is attributed
mainly to the effects of fishing mortality. It is argued that
larval recruitment to this area is minimal because it falls outside
of the area influenced by the Angolan Current.
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. FECUNDITY AND REPRODUCTIVE OUTPUT IN
CHACEON FENNERI AND C. QUINQUEDENS

- Anson E. Hines'

I recently compared the covariation of reproductive traits in
two species'of large deep-sea crabs in the family Geryonidae
(Hines, 1988): Chaceon fenneri and C. gquinquedens. As in other
crab species (Hines, 1982, in press), body size was the primary
determinant of reproductive output in the two species. However,
their brood masses at 16% and 22% of body weight are considerably
larger than the 10% average in most other species and are near the
upper extreme of apparently typical interspecific variation (Hines,
1982, 1986, in press), but much less than certain commensal species
(Pinnotheridae, Hines, in review; Haplocarcinidae, R.K. Kropp,
personal communication). Egg size in the two species is also
relatively large, and C. guinquedens has one of the largest
reported eggs of brachyurans with marine planktonic larvae. As a
result of partitioning the brood into large eggs, fecundity per
brood is low compared to many species of comparable size.
Comparison of covariation in reproductive traits using ANCOVA to
adjust for differences in body weight showed that C. guingquedens
had approximately 50% larger volume of the body cavity for
accumulation of yolk, resulting in about 50% larger brood mass than
Cc. fenneri. Despite its larger brood mass, egg size in C.
quinguedens was about twice as large as in C. fenneri, resulting
in about equal size-specific fecundity per brood in the two
species. The published 1literature indicates that both species
produce about one brood per year which is incubated over the winter
in the northern hemisphere, although C. gquinguedens exhibits low
levels of brooding year-round. lLarge yolky eggs in C. guinquedens
are likely to contribute to the nutritional flexibility of its
larvae (Sulkin and Van Heukelem, 1980), but apparently have
coevolved with significant changes in female morphology and
reproductive output.

The following table summarized relevant parameters for size
and size-dependent variables of reproductive output and fecundity
in the two species. Note that both arithmetic means and least
squares means are given after adjusting with ANCOVA for differences
in body size. :

"smithsonian Environment Research Center
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C. guinquedens C. fenne
Body Size
Carapace Width (mm)
Arith. Mean 107 124
(range) (98-118) (110-143)
Dry Body Weight (g)
Arith. Mean - 68 93
(range) (48-90) (74-117)
Volume of Body Cavity (cm’)
Arith.Mean 73 62
(range) (47-91) (48-73)
LSMean 83 S5
ood
Dry Weight (q)
Arith.Mean 15 15
(range) (10-22) (12-21)
LSMean 17 12
Egg Size
Diameter (9g)
Arith.Mean 731 568
(range) (648~-760) (538-588)
Volume (mm’) :
Arith.Mean . 1.636 0.767
(range) (1.140-1.838) (0.652~-0.851)
Fecundity
No. Eggs per Brood
Arith.Mean 162,000 283,000
(range) (132,000-226,000) (188,000-371,000)
LSMean , ’ 175,000 225,000
No. Brood per Year
Arith.Mean 1 1
(range) (0=27?) (0-17?)
L-20
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ANNUAL REPRODUCTION IN DEEP-B8EA BRACEYURAN CRABS
(CHACEON spp.) FROM THE BOUTEEASTERN UNITED ETATES

R.B. Erdman and N.J. Blake®
E.M. Perry and R.S. Waller®
¥.J. Lindberg and F.D. Lockhart¥

Previous studies of deep-sea reproduction patterns indicate that
in the absence of changing environmental conditions, continuous
cycles are to be expected. Patterns of this type have been
reported for deep-sea Chaceon crabs including C. maritae and C.
quinquedens. However, studies of C. fenneri from southeastern
Florida and the eastern Gulf of Mexico indicate that this species
exhibits a pronounced annual reproduction pattern. Additionally,
- ¢. guinguedens from the Gulf of Mexico also shows an annual
pattern, although more protracted than that of C. fenneri.

"Initial studies of C. fenneri were conducted on monthly samples
obtained from the commercial fishery centered off Ft. Lauderdale,
Florida. Oviposition begins in mid-August and continues through
early October with eggs carried for six months until hatching
during February and March. A single batch of eggs is produced
annually, with brood size highly correlated to carapace width.
samples from this study were limited to depths between 210 and 230
m, thus data on bathymetric distributions were not obtained.

Additional research conducted in the eastern Gulf of Mexico
involved seasonal sampling at five areas over depths of 311, 494
and 677 m, and permitted a comparative study of reproduction of C.
fenneri and C. guinquedens. Chaceon fenneri was present only in
the southern portion. of the study area, while C. quinquedens was
collected at all areas sampled. Each species was bathymetrically
segregated with C. gquingquedens found only at 677 m where
temperatures were less than 8.0 C. Female C. fenneri were present
at all depths sampled but were most abundant at 311 and 494 m.
Temperatures at these depths averaged 12.0 and 8.0 C, respectively.
lLargest females were found at shallowest depths suggesting a
reproduction related up-slope migration.

2pepartment of Marine Science, University of South Florida
BGulf Coast Research Laboratory '

“pepartment of Fisheries & Aquaculture, University of Florida
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Both species exhibit an annual reproduction cycle, but
differences in the timing of oviposition were noted. Chaceon
quingquedens carried eggs for nine months  following oviposition
during early summer, while eggs of C. fenneri were carried for six
months subseqguent to oviposition during late summer. Larvae of
both species hatched during early spring.

The annual reproduction pattern shown by C. fenneri and C.
quinquedens infers the presence of.subtle "zeitgebers" which serve
to synchronize oogenesis, vitellogenesis, oviposition and larval
hatching. Variations in reproductive cycles noted may relate to
environmental differences that each species experiences over its
depth range on the continental slope. The upslope movement by C.
fennerji suggests reproductive accommodation to environmental
conditions that may enhance egg development time and reduce
vertical distances for larvae migrating into surface waters. The
molting and reproductive cycle of at least C. fenneri suggests that
although the population as a whole undergoes annual reproduction,
individuals within the population may be reproducing biannually.
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REPRODUCTION IN MALE AND FEMALE CEACEON

Gertrude W. Hinsch®

Specimens from the deep waters of the eastern Gulf of Mexico
were collected by commercial fishermen from May 1984 to May 1985
and prepared for study. The carapace width of each specimen
received was measured. The reproductive tracts of the 37 males
and of the 50 females were dissected out and placed in Karnovsky'’s
glutaraldehyde-paraformaldehye fixative 91965). Tissues were post-
fixed in 1% 0sO,, dehydrated in a graded acetone series and
embedded in Spurr’s low viscosity media (1969). Tissues for light
microscopy were fixed as above and embedded in Polyscience JB-4
embedding media, sectioned on a JB-4 microtome, mounted on glass
slides and stained with toluidine blue. . Tissues fixed as above
were critical-point dried, dehydrated, coated with gold~palladium
and viewed with a Zeiss Novascan scanning microscope.

Mature male Chaceon fennerj are larger than mature females (9.5-
14.5 cm vs 13.5 - 18 cm). The reproductive tracts are typical of
brachyuran crustaceans. Analysis of light and electron micrographs
suggest that in specimens of C. fennerj from the Gulf of Mexico a
single reproductive season exists.

In the male, the testis and vas deferens is much reduced in size
and contain primarily spermatogonia and sustentacular cells during
the late spring and summer months. Beginning in September -
October numerous acini of the testis become filled with
spermatocytes in various phases of meiosis. As the season
progresses the acini become filled with more advanced stages of
spermatogenesis until they become filled with mature sperm in
January - February. While it is possible to see a few acini with
different stages at all times, most of the acini contain more
advanced stages with progression of the season.

The anterior portion of the vas deferens contains some
spermatophores at all times. However, beginning in January it
begins to swell. By March the middle and posterior regions of the
vas deferens become swollen with seminal products as well. The
anterior vas deferens produces the wall of the spermatophores which
then become surrounded with seminal fluids produced in the middle
vas deferens. As the number of spermatophores increases in the

Ppepartment of Biology, University of South Florida
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anterior region, some may also be seen in the middle region. The
posterior region of the vas deferens produces an additional seminal

. product which is added to the contents of the anterior and middle
regions at the time of copulation. Copulation appears to occur
during March and April after which the reproductive tracts return
to the reduced size seen during late spring and summer.

The spermatophores of Chaceon fenneri contain several sperm.
These are typical brachyuran sperm with several small and long
nuclear arms. The wall of the spermatophore differs from that of
most brachyurans in having two layers. No noticeable difference
can be observed between sperm of C. fennerji and C. guinquedens.

The fully developed ovary of the female is purple in color.
Mature females begin oviposition in September - October. They
release their larvae during February - March. This suggests an
approximate six month brooding period. Females with developing
broods will have ovaries of various size and color indicating that
vitellogenesis takes place concurrently with embryonic development
of the eggs in the brood pouch.

Other females collected during the late winter - spring months
also exhibit ovaries at various stages of development. The seminal
receptacles of mature females appear small in size from May to
February. Swollen seminal receptacles have been found in females
with hatching embryos or egg membranes attached to their pleopods.
Females with ovaries in the early stages of development also appear
to have swollen seminal receptacles at this time. Analysis of the
contents of the swollen receptacles showed gquantities of a
translucent material as well as a white aggregate. The translucent

) material resembles that of the posterior vas deferens and the white
aggregate contains sperm. In April and thereafter, the translucent
material disappears from the seminal receptacle although the sperm
persist. These sperm are retained until oviposition.

These data suggest that 1) females may mate following the molt
to maturity and that then ovarian development commences and
continues in these females until the time of oviposition or 2)
females are capable of mating in the hardened condition following
larval release. It would seem that females might be reproductive
for several seasons. The number of barnacles attached to, as well
as wear, to the edges of the carapace tend to support this premise.
No eggs or.- egg.cases were found on any females collected during

April or May.

The progressive changes seen in both males and females of
Chaceon fenneri thus suggest but a single breeding season.
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AN ASBESSMENT OF THE GEORGIA GOLDEN CRAB FISHERY

Drev Kendall'

Crabs belonging to the genus, Chaceon, are non-swimming upper
continental shelf inhabitants of the world oceans. To date,
approximately 20 species have been identified, and it is likely
that more will be discovered. Species reported off the United
States in the Western Atlantic and Gulf of Mexico include the red
crab, Chaceon guinguedeps and the 9olden crab, Chaceon fennerj
(Manning ‘and Holthius 1984).

Golden crabs are known to range from South Carolina down the
Atlantic Coast of Florida and into the Gulf of Mexico. Although
some information regarding red crab biology and expleoitation is
available, data concerning the golden crab is 1limited. As a
result, the Georg1a Sea Grant Program initiated an assessment of

this resource.

Eight cruises were made between November 1986 through October
1988 aboard the R/V Georgia Bulldog. This vessel is a 22 meter
wood hull shrimp boat which is equipped with a topside mounted
longline reel, and an extensive array of electronics.

Basic longline techniques were used to set out the traps. Fish
carcasses were used for bait. Soak times were generally 20 hours.

Thirty six sets containing 612 traps were made. Yield from 577
recovered traps was 3025 kilograms of whole golden crabs. Average
catch per trap was 7 kilograms. Approximate weight per crab was
0.9 kilograms. The only other animal caught in significant

quantities were jonah crabs, Cancer borealis.

) Golden crab sexes are distinct. Males are larger and possess
a narrower shaped ventral apron. Our data also indicate
segregation by sex. A total of 3176 crabs were sexed and measured.
These animals were recovered in depths ranging from 240 to 490
meters, average depth about 366 meters. Eighty (2.5%) of these
animals were female, and the remainder 3096 (97.5%) male.

%ceorgia Sea Grant Extension Program
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Carapace widths were measured in a similar manner as with blue
crabs, Callinectes sapidus. The size range was 75-195 mm, mean
151 mm, standard deviation 20 mm, and the mode was 160 mm.
Assuming that small crabs and females are not trap shy, and that
crabs recruit to the gear at 75 mm, this data seems to indicate an
o0ld population comprised of multiple year classes. Determination
of the number and age of these classes is difficult, since data
regarding the golden crab are lacking. However, studies on other

peczes of Chaceon crabs, particularly the red cradb suggest that
this is an old slow growing population.

An at-empt to determine the population density of golden crabs
in two areas subjected to continuous fishing pressure was made.
A removal method was employed in an effort to accomplish this.
The results of this endeavor showed no significant change in crab
catch over the course of 3 sets. In fact, catch rates and carapace
widths remained almost the same from one set to the next.

There are several possible reasons for this. The most plausible
explanation is that golden crabs are drawn to baited traps from a
considerable distance. Given the desolate nature of this habitat
it may be essential to the crab’s survival that it possess the
ability to locate food in remote locations, and move towards it.

In conclusion, the potential for developing a commercial fishery
for golden crabs off the Georgia Coast is minimal. Long distances
to the fishing grounds, uncertain markets for the crab product, and
the hostile nature of working in the Gulf Stream pose obstacles
which may be difficult to overcome.
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RESPIRATORY AND CARDIOVASCULAR PEYSIOLOGY OF

CHACEON FENNER]I AND C. QUINQUEDENS
IN NORMOXIA AND EYPOXIA

R.P. Henry, E.L. Eandley, A. Krarup, and H. Perry"

Individuals of C. fenneri and €. guinquedens were maintained in
30 gallon aquaria in 35 parts per thousand seawater held between
s and 10 C. Prior to experiments animals were fitted with
electrodes and catheters and allowed to recover for 24 hours.
Small diameter holes were drilled in the carapace on either side
of the heart and scaphognathite, and copper wire electrodes were
implanted using cyanoacrylate glue and a rubber dam. These were
connected to an impedance converter and oscillographic recorder in
order to monitor heart rate (HR) and the freguency of
scaphognathite beating (Fscaph, ventilatory rate). A catheter was
also implanted in a hole drilled in the branchial chamber; it was
connected to a pressure transducer and recorder in order to measure
branchial chamber pressure (Pbr) during ventilation. Animals were
placed individually in 5 L plexiglas flow-through respiratory
chambers, and oxygen uptake (voz) was measured as the difference
between incurrent and excurrent 0° concentrations in the water.
Heart rate, ventilatory frequency and pressure were measured
simultaneously.

In normoxia (140-150 torr) respiratoi—y and cardiovascular values
were as follows:

vo? HR Fscaph Pbr
umol 02 gm-1 min-1 bts min-1 bts min-1 cm H20
¢. fenneri 0.0023 + 0.0005 35 + 3 28 + 7 -1.1 + 0.3
(N=5)
C. guinguedens 0.0050 + 0.0008 38 £+ 1 99 + 9 -1.5 + 0.2
(N=4)

"pepartment of 2oology, Auburn University; and Gulf Coast
Research Laboratory
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ventilatory pauses‘,' characterized by a temporary cessation of
scaphognathite activity and hart beat, which are common among many
crustaceans, were observed for both species, but they were
infrequent. Ventilatory reversals, during which the direction of
. water flow through the gill chamber is reversed, were also observed

occasionally.

The water in the chamber was made progressively hypoxic bg
pubbling nitrogen through the incurrent channel. As water PO
decreased to about 70 torr, both species maintained near normal
respiratory rates primarily through hyperventilation.- Below 70
torr V0? decreased until a critical low P0? was reached at which
respiratiori, ventilation, heart rate ceased (25-35 torr for C.
fenneri, and 10 torr or less for C. guinguedens). Recovery of C.
fenneri after the chamber was flushed with normoxic seawater took
approximately 3 hours and was characterized by increased Vo?,
hyperventilation, and tachycardia. C. gquinquedens recovered much
more quickly (usually by 1 hour), and the changes in vo?, Fscaph,
and HR were much less pronounced during that time.

In a second series of experiments pre- and post-branchial
hemolyph samples (corresponding to venous and arterial samples)
were taken from crabs in normoxia, hypoxia, and recovery, and
hemolymph P0‘ was measured. The values for both species are given

below:
Post Branchial P0?° Pre Branchial PO’
(torr) (torr)
Cc. fenneri (N=5) 88 + 6 32 + 6
C. guinguedens (N=4) - 63 + 16 21 + 10

The arterial-venous difference is maintained in C. fennerj exposed
to hypoxia down to a value of approximately 70 torr; below that it
is reduced to about 2 torr. A similar pattern exists for (.
guingquedens with the exception being that the arterial-venous
"difference remains higher (4-13 torr) even under extreme hypoxia.
It also appears that C. fenneri experiences an oxygen debt in
hypoxia, especially at the critical low P0? at which it ceases
respiratory and cardiovascular activity. Hemolymph lactic acid
concentrations more than double (0.76 mM to 1.5 mM) during hypoxia
and remain elevated (-2 mM) during most of the recovery period.
This does not -appear to-be the .case for C. guinquedens. This
animal maintains respiratory activity to a lower critical PO?,
paintains a higher arterial-venous difference in hemolymph Po? in
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hypoxia, and shows no significant lactic acig buildup in the
hemolymph either during hypoxia or recovery.

In summary, it.appears that C. guingquedens is somewhat more
tolerant to hypoxia than is €. fennerj. Both species exhibit
responses to hypoxia that are typical of crustaceans in ‘general,

characteristics shared with other species than to any specific
environment. Neither species appears particularly tolerant or well
adapted.t9 hypoxia, but neither do they appear overly sensitjve.
Both species are remarkably similar to shallow water species with
regard to respiratory and cardiovascular adaptations.
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RAPPORTEUR'S COMMENTS

COMMENTARY ON CRAB MANAGEMENT AND THE EAST COAST
UNITED STATES GERYONID FISHERIES

David A. Axnstrong“

Crab fisheries comprise some of the richest resources harvested
- along the United States coastline. In 1988, total landings
exceeded 455 million pounds worth over 383 million dollars (NMFS,
1989), and equaled about 25% of the total dollar value of all U.S.
invertebrate fisheries. Crabs harvested in the United States
comprise some of the most interesting life history, ecological, and
reproductive characteristics to be found among managed U.S.
species, and yet the nature and extent of management tends to be
relatively similar despite great variation in life history
patterns.

The geryonid crab conference, convened in January 1989,
considered a variety of life history and ecological data for two
principal species, Chaceon guingquedens and C. fenneri, and
discussed this information in light of the fledgling deep-water
crab fisheries situated in the South Atlantic Bight and
northeastern Gulf of Mexico. In general, participants at the
conference were not overly optimistic about the prospects for large
and sustained fisheries for these species because of their deep-
water distribution, evidence of infrequent recruitment, slow
growth, older age at reproductive and legal size, and fairly low
density over extended regions of the species' range.

As background to analysis of Chaceon biology and life history
characteristics relative to their fishery potential, a brief
overview of other U.S. crab fisheries can serve to highlight
approaches used in management for species that vary considerably
in their life history characteristics. Many points of contrast
and similarity have been reviewed by Jamieson (1986) who divided
crab fisheries into nearshore shallow-water species such as Ccancer
and Callinectes, and deep water offshore species such as
paralithodes and Chionoecetes. In addition to this bathymetric
and on/offshore distinction, it is also informative to distinguish
crab fisheries based on the extent of management which ranges from
fairly passive (e.g. Cancer ma ister, Chaceon maritae) to highly
dynamic (e.g. Paralithodes camtschatica and Chionoectes bairdii).

% hool of Fisheries, University of Washington
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Other U.8. Crab Fisheries

In the temperate to subarctic latitudes of the western U.S.
there are three principal crab fisheries. The Dungeness fishery
ranges from central California to southeast Alaska, and the king
and Tanner crab fisheries largely occur in the Gulf of Alaska and
southeastern Bering Sea (Table 1). The latter two groups, king
and Tanner crab, are extensively and dynamically managed through
joint jurisdiction shared by the state fisheries department and
the National Marine Fisheries Service (NMFS). As in the case of
most crab fisheries, much of the management is directed toward
providing safeguards for reproductive effort by excluding females
from the fisheries and setting minimum sizes to allow for adequate
male reproduction before capture by the fisheries. This tends to
highlight a relatively conservative approach to crab management in
the sense that no spawner-recruit relationships have been
demonstrated for any species of crab in U.S. waters, and this point
was emphasized by several of the participants at the workshop for
Chaceon as well. Noticeably different about the management
approach to king and Tanner crab is the extensive preseason survey
undertaken annually by NMFS that results, eventually, in "harvest
range" guidelines as the basis for a strictly managed quota system
(otto, 1981, 1986; NPFMC, 1988). Despite prohibition . against
capture of females, limited fishing seasons (as short as several
weeks in the case of king crab), and extensive survey estimates
that lead to imposition of quotas, landings for both king and
Tanner crab have fluctuated substantially over the last 15-20 years
(Table 1). The fisheries for these long-lived species (8-10 years
of age for entry in the case of king crab, 6-8 years for Tanner
crab) seem dependent on relatively uncommon, strong year classes,
and year-class strength is otherwise viewed as dependent on a suite
of physical and biological factors that generally lead to poor
survival of larvae or young juveniles (see numerous review articles
in Alaska Sea Grant Symposia for Tanner crab, 1982; king crab, 1985
and Dungeness crab, 1985).

Dungeness crab is fished extensively from California through
British Columbia to southeast Alaska and, over much of its range,
has been characterized by a trend of relatively constant cycles of
high and low abundance (see reviews by Botsford, 1986; Botsford et
al., 1989; Methot, 1989). Management of this species is relatively
passive and carried out by state fisheries agencies throughout its
range. This approach prohibits capture of females, imposes a
minimum size limit of about 165mm carapace width (CW) and enforces
a season closure from fall to early winter (Table 1). No preseason
survey exists to estimate abundance of Dungeness crab, nor is there
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a quota system. All animals of legal size are vulnerable to the
fishery and indeed many states are highly dependent upon annual
recruitment to the fisheries for the bulk of landings. Despite
threefold fluctuations in apparent abundance (more exaggerated in
certain states such as Washington where landings have gone from
approximately 4 million pounds in 1985 to over 20 million pounds
in 1989), populations are not generally viewed as unstable, and
such fluctuations in abundance are credited to a variety of
physical oceanographic or biological impacts (see review by
Botsford et al., 1989).

The dominant crab fishery on the eastern and Gulf coast of the
United States is that for blue crab (Callinectes sapidus). This
is a fairly complex fishery from a jurisdictional standpoint since
in the area of the Chesapeake Bay, several states manage the
resource and yet have variable management approaches concerning
legal size, season and gear of capture (Table 1). Both males and
females may be captured and, at times, even ovigerous females are
legal in certain states. As a relatively short-lived species (2
years at legal size), C. sapidus has proved to be a useful model
of recruitment variability as explained by physical and bioclogical
features of its habitat (e.g. see review by Sulkin and Epifanio,
1986). A range in landings of about 2.5 fold in Chesapeake Bay has
been explained by variability in larval recruitment due to features
of wind and current transport that affect attendent 1larval
behavior, and the extent and nature of optimal juvenile habitat
within Chesapeake Bay. :

A unigue fishery located in the southeastern United States is
that for stone crabs, Menippe mercenaria and M. adina, which is
based not on the whole body of the animal as in other crab
fisheries, but only on the extremely large chelipeds. This
fishery, located primarily in Florida, allows capture of both sexes
and requires a minimal claw size of 70mm propodus length. This
equates to an age of about 2-3 years depending on sex and is
further managed by a closed season designed to essentially protect
female reproduction (Table 1; Ehrhardt and Restrepo, 1989). From
the 1970's, catch increased from about a guarter to 3 million
pounds of claws annually, but has declined somewhat in recent

years.

In the case of these species, relatively extensive literature
exists on aspects of life history, reproductive bioclogy, general
ecology and habitat requirements. . . .Yet . despite commercial
importance as fisheries - sometimes for many decades - a surprising
amount of information is still unknown about patterns of larval
transport, habitat requirements as related to potential year class
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strength, and any spawner-recruit relationship between mature
females' and any index of juvenile year class success. While not
all such information is needed to manage fisheries, biologists are
nonetheless often hampered in their interpretation of fluctuations
.and apparent population abundance because of too little knowledge
of many aspects of species biology; eastern United States species
of the genus Chaceon represent an acute example of this situation.

Geryonid Ccrab Fisheries

Before reviewing information concerning eastern U.S. species of
Chaceon, it is important to consider biological and fisheries
information from the southwest African fishery exploited by the
Japanese and targeted on C. paritae (Melville-Smith this
proceeding, 1988). This fishery is relatively new, since about
1973, and has been exploited along the southwestern African coast
without benefit of management practices. It is essentially driven
by economic considerations relative to the size of product that can
be economically processed, and the extent of fishing effort deemed
feasible and profitable by Japanese fisheries companies.

Several aspects of the species' life history have important
bearing on trends in the current fishery data. As is the case with
many geryonid crabs, it is a deep-water species distributed from
a couple of hundred to 700m in waters that can range from 4.5 to
10.4°¢. As a consegquence, it is very slow growing and reaches
sexual maturity between 7-9 years of age. Both males and females
are fished and are susceptible to the fishery from age 7-9, but
many may range from 10-16 years of age (Melville-Smith, 1988).
Females are mature at a size of 84mm CW but this size may reflect
fishing pressure since maturity in unexploited populations was
estimated to be about 100mm CW. One dilemma faced by the fishery
is that Japanese pot gear uses a 90mm mesh dimension which is 100%
selective for crab greater than 75mm CW, about 9mm smaller than the
size at sexual maturity (Melville-Smith this proceedings, 1988).
Melville-Smith believes that fisheries over much of the range of
C. paritae have come to rely excessively on prerecruits of a given
year class reaching legal size in a single year. Since the fishery
captures such a large portion of females prior to maturity, and
since a very small fraction of the female population is ovigerous
at any point in time (0.1 to 0.2%; Melville-Smith, 1988) he fears
the combined effects may severely impact egg production and
consequently larval transport to heavily fished areas off the
southwestern -African coast. .. As. evidence of this concern, total
Japanese landings have declined from 5.97 million kg in 1983 to
4.72 million in 1986. Based on catch rate CPUE, Melville-Smith

L-34
Draft Golden Crab SAFE Repornt



Appendix L. Geryonic Crabs and Associated Continental Slope Fauna: A Research Workshop Repont

7

estimated that the density of Chaceon on African fishing grounds
has decreased about 26% over the past six years (Melville-Smith,

1988) .

such trends of decreasing abundance and catch rate in the Sr¢ :h
African fishery portend negative consequences for the eastern U. ..
fishery for Chaceon as well, with potentially more dramatic
consequences based on relative densities of the two species.
Density of C. maritae has been estimated to range from 40-230
crab/ha based on pot sampling, up to 350/ha based on observations
with underwater photography (Melville-Smith, 1985). However,
density of both C. guingquedens and €. fennerj, over much of their
range along the eastern U.S. and into the Gulf of Mexico has been
estimated to be substantially 1less, although 1little density
information is available. Lindberg (this proceeding) estimated a
standing stock of C. fennerj off Florida's Gulf Coast to be about
7.8 million crab (about 13.6 million pounds). Wenner (this
proceeding) observed densities of only 1.9/ha from submersible
observations of C. fenneri. However, Whitlatch (this proceeding)
reported densities of C. quinquedens up to 900/ha off the southern
New England coast, and Wigley et al. (1975) estimated densities of
130-380/ha along the shelf of northeastern U.S. Over a distance
of more than 700 km they estimated a standing stock of about 43
million commercial size crab (114mm, 4.5 inches CW) which equated
to about 59 million pounds total weight.

It seems that estimates of abundance of surplus males greater
than 114mm CW suggests the potential for a sustained fishery on C.
quinquedens in the area from Maryland to Georges bank. However,
since the survey by Wigley et al. (1975) there have not been
sufficient studies to indicate whether juvenile recruitment is
consistent on an annual basis, the magnitude of natural mortality
rates (Melville-Smith, 1988, provides estimates for the African
species) and, in turn, estimated survival to legal size. As in the
case of king crab in the Bering Sea, it may be that Chaceon is
typified by relatively infrequent, strong year classes that could
be overly exploited by a directed, open (no harvest quota) fishery.

Fisheries prospects for C. fennerj, the golden crab, in the
South Atlantic Bight to the Gulf of Mexico are more tenuous. The
species seems distributed at very low densities but has the
capacity to locate food and traps over an apparently great distance
(Wenner this proceeding, Wenner et al., 1987) which portends rapid
depletion in areas heavily fished. Given- aspects of both species'
life history (reviewed by Hines and others this proceeding) such
as deep water distribution at cold temperatures, slow growth and
relatively advanced age at maturity and legal size, it seems that
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high sustained yield is not likely. As in the case of other crab
fisheries listed in Table 1, managers could take a conservative
approach (as apparently has been done) that allows capture only of
males of -a Size and age beyond reproductive maturity, with the
-objective of maintaining species reproductive effort quite-apart
from the knowledge of biotic and abiotic factors that affect.year

class strength.

In order to provide some likelihood of reasonable annual catch
by participating fisherman, managers may want to consider a
limited-entry fishery as has been done with a number of Australian
invertebrate species. Given the expense of capitalization for such
deep water fishing, it seems that fishermen are vulnerable to the
vagaries of surplus male abundance which could be quickly reduced
by unrestricted participation. Without an annual preseason survey
and resultant catch quota at the present, there is no basis to
attenuate excessive annual exploitation and spread capture of large
males over several years, particularly if year classes reaching
legal size are infrequently strong as hypothesized for P.
camtschatica in the Bering Sea. Limited entry (and effort) might
achieve this goal of more stable yield, although somewhat blindly
since state fisheries agencies will likely not conduct surveys to
estimate stock abundance as a means to index the degree of annual
exploitation by a limited-entry fishery.

Another option as practiced for some west coast Canadian
invertebrate fisheries that are not well studied and regulated is
that of "boom and bust". So long as rudimentary guidelines
safeguard reproductive effort, the fishery is allowed to grow to
any size (unrestricted vessel participation) and achieve 100%
exploitation as it is able. Eventual decrease in abundance and
reduction in landings are consequences to which fishermen must
adjust as they either stay with Chaceon spp. or move into other
fisheries. Clearly the southwestern African C. maritae fishery is
precarious because management guidelines have not been implemented
to even safeguard reproductive effort through size, sex and season.
In comparison, U.S. Chaceon fisheries can be better managed, but
species recruitment success and population dynamics might be such
as to provide only a limited and marginal fishery off many states.
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RAPPORTEUR'S COMMENTS

Commentary on Life History and Bcology of Deep-Sea Crabs
of the Pamily Geryonidae :

Anson H. Hines'"

successful management of fisheries sustaining maximum yield
requires strategic decisions from accurate knowledge of the basic
1ife history and ecology of target species. In addition,
prediction of the impact of fishing activities on the ecosystem
depends upon knowledge of the fundamental role of the species in
its natural community. For crabs of the family Geryonidae,
development of a data base which will allow informed management
decisions is inherently difficult because of the depth distribution
of the species on the continental slope. Nevertheless, fisheries
are developing for geryonid species, and we need to assess our
knowledge of their basic biology. In addition, as manned and
remotely operated technology has developed, we are increasingly
able to examine the importance of these crabs in the continental
slop ecosystem as a zone of both fundamental and applied interests.

The workshop on geryonid crabs was convened to assess the state
of our knowledge and research progress on primarily two species,
Chaceon guinguedens and C. fenneri (the genus of these two species

was revised in 1989 from Gervon to Chaceon, see below under
Systematics). However, a comparative approach in the workshop

emphasized similarities and contrasts among these two species and
other members of the family, as well as species of commercial and
non-commercial crabs from other families. This .readily allowed
both scientists and managers to organize data into meaningful
patterns, to assess the unique and general features of the
particular species, to benefit from the mistakes and successes in
management of other species, and to establish research priorities.
The workshop also emphasized the need for comparative data over the
geographic range of the species, because these contrasts provide
insight into the variability and flexibility of the species'

biology. :

In addition to assessing the systematic and zoogeographic status
of the family Geryonidae, considerations of life history and
ecology were organized into several subtopics. The topics within
life history..analysis fell. into the sequence of the crabs' life

Yspmithsonian Environmental Research Center
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cycle of reproductlon, development growth, and maturation. As
these topics are aspects of population bioclogy, they led logically
into considerations of population stability, dispersal, resource
utilization, and sources of mortality. The workshop also
considered the crabs' potential as regulators of benthic community
structure on the continental slope. The purpose of this commentary
is to summarize the discussion, emphasizing the participants'
concensus about what is and is not known about the basic bioclogy
of the crabs, but it is not meant to provide a comprehensive review
of the geryonid literature.

systematics and Zoogeography. Initially, very few species were
thought to comprise the Geryonidae; however, in a recent revision
of the family, three genera and 24 species (Gervon with ¢two

spec;es, Chaceon with 21 species including €. fenneri, C.
gquingquedens and C. mar itae, and Zariquieyon with one species) are
now recognized (Manning and Holthius, 1989). The number of

recognized species is likely to increase with additional attention
by systematlsts, ecologists, and fisheries bioclogists and with new
technological applications at more sites. Some of the characters
used to distinguish species include phenotypic features, especially
color, which some workshop participants believed were too variable
within species to be reliable diagnostic characters. On the other
hand, the shape (lateral compression vs. dorso-ventral depression)
of the dactyls of the walking legs is apparently both a useful
diagnostic character for some species and a potential indicator of
primary substrate utilization (see Resource Utilization below).
The family is apparently widely distributed throughout the world's
oceans at depths of 200-1200 m, especially on upper continental
slopes. Although some species are small in body size and, through
limited sampling, are known only from very restricted geographic
ranges, the large size, -abundance and distribution of some species
indicate that the family plays an lmportant role in the slope
ecosystem on a world-wide basis.

Reproduction. Several recent studies have focused on reproduction
in Chaceon spp. (Melville-Smith, 1987; Wenner et al., 1987; Hinsch,
1988a,b; Erdmann and Blake, 1988; Hines, 1988), following initial
survey work by Haefner (1977) and McElman and Elner (1982).
Gametogenesis is similar to that in other species of crabs.
Chaceon paritae reproduces year-round, and C. guinguedens exhibits
low levels of brooding year-round. However, off New England and
Florida C. quiguedens apparently has a winter peak in brooding, and
C. fennerji is a distinctly seasonal winter brooder off Florida.
Individual females of any of the three studied species probably do
not produce more than one brood per year. Also, some evidence
indicates that individual brood production may be biennial in €.
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fenneri (see Maturation and Mating below). Compared to other
species ©of crabs, egg size in Chaceon spp. is very large, and
fecundity is relatively low (100,000 - 400,000 eggs per brood) for
such large body size.

Development and Recruitment. Larval descriptions are availe =
for C. guinguedens (Perkins, 1973), €. tridens (Brattegard a.d
Sankarankutty, 1967; Ingle, 1979) and C. fennerji’ (Perry, pers.
comm. ) . Experiments on C. guinguedens in laboratory culture
indicate that these larvae have long developmental times in cold
waters (125 days at 6-10°C) but much shorter times at temperatures
typical of warmer surface waters (only 23 days at 25°C) (Rosowski,
1979; Sulkin and Van Heukelem, 1980; Kelly et al., 1982). The
larvae exhibit considerable "nutritional flexibility" in their
ability to develop normally even on relatively poor gquality food
such as rotifers (Sulkin and Van Heukelem, 1980), perhaps as a
result of the large amount of yolk invested in the eggs (Hines,
1988). The larval biology of deep-sea crabs is poorly understood
because so few zoeae and megalopae have been sampled in the field
(but see Roff et al., 1984, 1986). However, the lab experiments
and the few larvae collected in the plankton indicate that
development occurs near the surface, as is typical of most crabs.
Laboratory studies of larval responses to temperature, pressure and
gravity indicate that larval C. guinguedens can migrate vertically
through the water column with swimming behavior that allows thenm
to pass through marked thermoclines, which is adaptive for moving
early stage larvae up to the warmer, food-rich surface waters and
for producing wide larval dispersal in surface currents (Kelly et
al., 1982).

Very few small crabs have been collected or observed in the
field; and the timing, habitat, and intensity of recruitment are
poorly understood. The few small crabs which have been found come
from the deepest zones of the species distribution for ¢.
quinguedens and C. fenneri (Wigley et al., 1975). We need to test
quantitatively the validity of this observation by trying to
determine whether the lack of small crabs observed via submersibles
(Lindberg and Lockhart, 1988) and their paucity from trawls is
typical, or whether our sampling designs have been inadequate. We
need to know whether recruitment is specific to greater depths, or
whether recruitment occurs at all depths and small crabs suffer
higher mortality at shallower depths.

Growth. Deep-sea crabs appear to be slow growing, long-lived
animals.. .. In.some .cases (e.g., female C. -fennerji off the South

Atlantic Bight of North America; Wenner et al., 1987), populations
exhibit polymodal size-frequency distributions; but it is not known
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if these modes correspond to year-classes or instars. If the modes
are instars, then the number of instars is not unusually large but
the molt increment is substantial (40-50% for 100 mm crabs
declining to about 14% for 145 mm crabs). If the modes are year-
classes, then these are estimates of annual growth but they tell
us nothing about the number of instars, although the occurrence of
annual molting in females would equate number of post-maturation
instars and years (but see Maturation and Mating below). Most
populations, especially males, show no polymodality in size
structure. Size-frequency analysis of all populations of C.

quingquedens, C. fenneri, and . maritae do show that males grow
substantially larger (about 50% carapace width) than females.

other things being equal, large size at settlement will reduce
the time and number of instars required to grow to maturity (Hines,
1986). Size at settlement of the first crab instar is unusually
large (4 mm carapace width in C. guinguedens, Van Heukelenm et al.,
1983, and 3 mm in Geryon iridens, Ingle, 1979) compared to most
crab species and is similar to the large first crabs of QOcypode
spp- and Cancer magister (Hines, 1986). This large size at
settlement may be adaptive for otherwise slow growth to adult size.

Growth has been measured directly in C. paritae (Melville-Smith,
1989) and C. quinguedens (Farlow, 1980; Gerrior, 1981; Lux et al.,
1982; Van Heukelem et al., 1983). Farlow (1580) reported molt
increments of 8-21% for captive 73-94 mm female C. quingquedens,
with no correlation of increment and premolt size. Limited data
from field tagging studies of C. guinquedens indicate slow growth
and potentially long intervals (perhaps 6-7 yr or more) between
molts of larger crabs (Gerrior, 1981; Lux et al., 1982). 1In C.
quinguedens reared through the first 5-6 juvenile instars (about
20 mm carapace width) from larvae in the lab, growth rate was
temperature dependent and indicates that 5-6 years would be
required to grow to entry into the fishery at 114 mm or about 7-8
years to maximum size of 140 mm (Van Heukelem et al., 1983). 1In
the best analysis of growth in a geryonid, Melville-Smith (1989)
used dart tags in epimeral sutures for a mark-recapture study of
C. paritae to determine the molt increment and estimate intermolt
interval in crabs >60 mm. The molt increment percentage declines
with increasing.size from about 20-25% at 60 mm to about 15% at 130
mm. Males had larger molt increments than females, and males
exhibited a reduced molt increment after maturity at about 93 mm.
Females molted only rarely after attaining maturity. Estimated
molt intervals for males ranged from about 1.5 yr for 60 mm crabs
to 6-7 yr for 130 mm crabs. By combining the laboratory data for
early instars of C. guinguedens with the field data for C. maritae,
Melville-Smith (1989) estimated the size and age of each instar for
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C. maritae, with male maturity occurring at 12 instars, 90 mm, and
9 yrs of age, and maximum growth to 170 mm requiring 16 instars and
33 yrs. Although these estimates for intermolt interval and age
are indeed long, some other cold-water species (Chionoecetes spp.
and Cancer pagurus) are also estimated to have similar slow growth
and long life. The number of instars and molt increments reportad
by Melville-Smith (1989) for C. maritae are typical for most
brachyurans (Hines, unpublished).

Maturation and Mating. Based on growth studies, mature crabs are
5-15 years old or more. Both sexes appear to mature at about the
same size, but males grow larger than females. Maturation occurs
at about 90 mm in C. maritae, 95 mm in C. fenneri, and 85 mm in C.
quinquedens. Although some workshop participants suggested that
females exhibit a terminal molt at maturity but males do not, there
is no real evidence to indicate a true terminal molt (see recent
dispute over this issue for the majid crab chionoecetes opilio:
Conan and Comeau, 1986; Ennis et al., 1988; Donaldson and Johnson,
1988), though molting may be very infrequent (6-7 yr). In (.
maritae, mature females have been observed to molt, but it appears
that they do so only rarely (Melville-Smith, 1983). Maturation may
occur seasonally in C. fenneri and €. gquingquedens, which have
populations with seasonal reproductive cycles; and maturation may
occur all year round in C. maritae, which reproduces year-round.
There are few data to test these proposed seasonal patterns.

Because the two sexes of many populations appear to differ in
their bathymetric distributions (see below under Resource
Utilization), it is not clear how the sexes get together for
mating. A seasonal vertical migration by females has been
postulated (e.g., Wigley et al., 1975), but little hard evidence
is available. Males probably are attracted to mates by pheromones
released by the female, as is the case in many other decapod
crustaceans including many brachyurans; and based on observation
of chemotaxis to bait, the chemotaxis could operate on the scale
of tens of meters in appropriate current regimes (Lindberg, pers.
comm. ) .

Observations in the laboratory indicate that mating behavior is
typical of other crabs .(Elner et al., 1987 for C. guinquedens; Mori
and Relini, 1982 for C. longipes; Wenner et al., 1987 and Perry,
pers. comm. for C. fenneri) but that doubling up and intromis+ion
may last for a long period (11.5 days in C. guinquedens and weaks
or more in C. fenneri in the.laboratory). - Males apparently may
mate with intermolt females as well as copulating with newly molted
females. With post-copulatory marking analogous to those on

Dungeness crabs (Cancer pagister) and snow crabs (Chionoecetes
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opilioc), female Chaceon maritae show abrasions on their walking
legs from mating embraces, as well as darkened vulvae and abrasions
from contact with male pleopods on the ventral carapace under the
abdominal flap (Melville-Smith, 1987). While categorization of
female vulvae does indicate maturation and mating in other Chaceon
-spp. (e.g., Wenner et al., 1987), similar mating marks have not
been recorded for female carapaces of other geryonids.

In C. fenneri there is controversy over whether females molt
and mate annually (Hinsch, 1988a,b) or molt after a brood is
released and mate later to produce the next brood in alternate
. years for a biennial reproductive cycle (Erdman and Blake, 1988:;
Erdman, in review). Precedent occurs for such a biennial cycle in
cold-water for the blue king crab Parlithodes platvpus (Jensen and
Armstrong, 1989). Obviously, reproduction could occur within the
population each year; but with only half of the females producing
a brood, the population's egg production would be only half of that
if all females brooded annually. As in some other groups of crabs,
females may store sperm for prolonged periods, producing one or
more broods without additional copulation. However, there are few
data to test this, and no one knows if sperm can be stored by a
female from one instar to another. Some of these reproductive
strategies may be highly adaptive for cold, food-poor waters of the
deep sea, where energy for yolk accumulation may be difficult to
acquire; and they may also serve to ensure reproductive success
when mates are difficult to find.

The length of reproductive life in geryonids is not known, but
life spans of up to 33 years have been speculated. No evidence of
senility has been found, but most population samples provide too
few females to yield adequate analysis of reproductive activity by
size (age). Mature males appear to be equally reproductive at all

sizes.

Population Btability and Dispersal. Although population densities,
sexual composition, and size structure appear to vary significantly
in space for C. fenneri, C. guingquedens, and C. maritae, we have
very little real data on annual or long-term variation in
population abundance. Because of the potential for long-distance
larval dispersal, there is concern that recruitment for key fishery
locations may depend heavily on reproductive stock under distant
management jurisdictions. For example, recruitment for the (.
paritae fishery off southwest African waters appears to be derived
from stocks to the north. Similarly, Kelly et al. (1982) proposed
that larval C. gquinguedens are transported to the mid-Atlantic
Bight by the Gulf Stream.-Although recruitment is poorly understood
in any geryonid species, failure to find many small juveniles and
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comparisons with recruitment fluctuations in blue crab (Callinectes
sapidus), Dungeness crab (Cancer magister), snow crab (Chionoecetes
cpilio), and king crab (Paralithodes spp.) populations suggest that
major successful recruitment events occur very rarely: but those
recruits may dominate a popu}ation for a long period, perhaps -0
years or more.

Movement of some geryonids appears to be substantial and could
cause significant dispersal. Despite apparently intensive trapping
in some locations (e.g., the C. fenneri fishery off Ft. Lauderdale,
Florida), there has been no apparent reduction in crab abundance,
suggesting that other crabs are "filling in" from some unknown
distance in the surrounding waters. Melville-Smith (1987) reports
significant movement of C. marjtae in mark/recapture studies off
the coast of southwest Africa/Namibia, with differences between
sexes. Mature females exhibited significant net movement northward
and greater movement than other categories of crabs. Large males
moved farther than small males. Over 32% of the recaptured crabs
moved greater than 100 km over a period of years of the study. The
net rate of movement was only about 0.05 km/day for males and
immature females, while mature females moved 0.l11 km/day southward
compared to 0.46 km/day northward. These movement data may
indicate a sexual pattern of migration off the African coast. Lux
et al. (1982) found that most net movement was under 20 km for C.
guingquedens off southern New England, although some individuals
moved as far as 90 km during a 7 year study period. No evidence
of seasonal migration was found, and most movement appeared to be
up and down the continental slope rather than long-shore.

Stock identification is poorly understood for geryonid
fisheries. Because of the potential for wide larval dispersal and
substantial benthic movement of Jjuveniles and adults, there is
little understanding of any barriers that would serve to delineate
biologically appropriate management boundaries or to provide clues
about deme size and gene flow. Population size of . maritae off
southwest Africa has been estimated by photography and tagging to
be 21.6 and 19.5 mnillion crabs respectively, while trawling
underestimates population size at 1.9 million crabs (summarized in
Melville-Smith, 1988). Since early population estimates for other
fisheries are largely based on trawl or trap data, little trust can
be placed on those reports. More recent surveys from submersibles
(Whitlatch, unpublished; Lindberg and Lockhart, 1988; Wenner and
Barans, in press) give more accurate information for €. quinquedens
and C. fenneri, but the geographic extent of those surveys is
limited, making it inadvisable to extrapolate population size.
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Resource Utilization (depth, substrate, food). Geryonids show
habitat partitioning by depth and substrate. The majority of
available data is for bathymetric distribution. Chaceon fepneri
and C. guinguedens occur at different depth zones in the eastern
_Gulf of Mexico, with C. fenneri distributed shallower than €.
quinquedens (Lindberg and Lockhart, 1988; Lindberg et al., 1989).
In addition to interspecific zonation, most populations show
intraspecific zonation with the two sexes distributed differently.
For C. fenneri, C. guinguedens and C. pmaritae, females tend to be
more abundant at shallower depths (Lindberg et al., 1989; Haefner,
1978; Melville-Smith, 1987), although the few females trapped by
Wenner et al. (1987) in the South Atlantic Bight were deeper than
most males.

Chaceon maritae, C. guinguedens, and C. fenneri are found
patchily distributed on both soft and hard substrates. Chaceon

quingquedens appears to be most common on soft substrates, while C.
fenneri apparently reaches highest densities on hard substrates
(Wenner and Barans, in press; Lindberg, pers. comm.). The
laterally compressed dactyls of C. fennerji may be better adapted
for hard substrates, while the dorso-ventrallly depressed dactyls
of C. guinguedens may allow easier movement over soft substrates
(Manning, pers. comm.). The association of these crabs with
particular substrates is of particular interest to fishermen, who
want to fish high density patches of crabs but must avoid hard
substrates which might foul gear.

The diet of geryonids is poorly known. They are often
categorized as scavengers that feed opportunistically on bonanzas
of carrion deposited on the bottom from overlying waters. The only
significant published analysis of stomach contents of crabs not
captured in baited traps is by Farlow (1980) for C. guingquedens off
southern New England, where the crabs are predators as well as
scavengers. Small crabs fed mainly on sponges, hydroides,
gastropods, schaphopods, small polychaetes, and small crustaceans;
large crabs also took larger prey (including fishes, squid, and
Hyalipecia) but it is not entirely clear if these items were
scavenged or captured alive. Diel changes in gut fullness of crabs
in the field indicate 1-2 peaks of feeding during daylight hours.
Crabs about 250 g in weight consume 0.09-0.7 g dry weight of food
per day, with much of the food mass as mucus and sediment that may
be of little nutritional value. Observations of feeding behavior
from submersibles indicates that C. guinguedens may be a deposit
feeder to some extent, and that C. fenneri is attracted from
considerable..distances (tens of meters) by olfactory cues from

bait.
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sources o©f Mortality. Few data are available on sources of
mortality for geryonids. Several species of fish are reported to
prey upon juveniles (Melville-Smith, pers. comm. for C. maritae),
pbut there are few published records of geryonids in fish stomach
contents (Sedberry and Musick, 1978 for the gadid Phvcis chesteri
on C. guinquedens). = Mortality rates from fishing have been
estimated at 0.24 males and 0.41 females per year (Melville-Smith,
1988). Other estimates of mortality are lacking.

community Interactions: Deep-Bea crabs as Predators, Bioturbators,
Competitors, and Hosts. Geryonids may have a significant role as
" a dominant predator in continental slope communities. Analysis of
stomach contents for C. gquinquedens indicates active predation on
a wide variety of infaunal and epibenthic invertebrates (Farlow,
1980). Observations of C. quinguedens off southern New England
(Grassle et al., 1975; Haedrich et al., 1975; Whitlatch, pers.
comm.) and C. fennerj (Wenner, pers. comm.) off South Carolina
indicate that these crabs are major sources of bioturbation in the
surface sediments of the slope. Locomotion and active digging in
addition to feeding activities appear to disturb and turn over the
sediment extensively in areas where the crabs are relatively
abundant.

Competition amona geryonid crabs is poorly understood.
Bathymetric partitio .ng by C. fennerji and €. guinguedens could
result from competitive interactions between these two species in
which goldern crabs exclude red crabs from shallower depths.
However, C. guinguedens does not move shallower in areas where C.
fenneri is absent in the Gulf of Mexico (Lindberg et al., 1989).
Off New England, Cancer borealis and Homarus americanus may be
competing with C. guinguedens at the shallow edge of its
distribution. Although geryonids are not obviously aggressive in
captivity, field observations of crabs approaching traps do show
agonistic interactions with threat displays typical of other
brachyurans (Lindberg, pers. comm.). Competition for mates is not
known, but prolonged mating may serve to prevent multiple males
from copulating with a female.

A variety of commensal species occur on geryonids, including
stalked barnacles (Poecilasma spp.) and a polychaete Dorveillia

geronicola on C. fenneri and C. quinquedens. Although the density
and size of barnacles fouling a crab's carapace may be indicators

of time since molting, too little is known about the bioclogy of the
parnacles to calibrate their rates of settlement and growth.
Chaceon guinguedens and C._fenneri also have a high frequency of
chitinolytic bacteria, which cause dark lesions on their carapaces.
The frequency of lesions may also be an indicator of time since
molting, but 1little is known about the time course of their
development nor of their potential pathology.
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EDITED GROUP DISCUSSION TRANSCRIPTE

Y. LINDBERG: We would like to hesr comments about what you hesrd yesterday and, based on your experience,
what you think the particulsr needs of the fishery sre. Dick, do you want to lead off?

D. NIELSOM: 1'mDick Nielson, commercial fishermen in Fort Lauderdsle, Florida. First of all, 1'd like
to thank the people who set up this workshop. 1 think it's very interesting to me as a commercial fisherman,
snd 1'm very proud to be here. You have done 8 tremendous job bringing these people from all over the worid
to this workshop. 1 perticularly love workshops, more so because every time we go before regulatory powers here
in the State of Florids we normally have sbout three minutes to speak, and 1've been mven a lot more time than

that today end I appreciste that, believe me.

Commercial fishermen here in florids sre certainly under a lot of pressure. | wrote down quite a bit of
information here, but I've got it titled “Golden Crab Trapping® and it reslly should be “Last Frontier of
Commerciasl Fishing in Florida." | look at the deep-wster golden crab as a last frontier, and I'm very
interested in harvesting it commercially.

1t all started sbout three years sgo. Howard Rsu, 8 commercial fisherman who traps for lobster and fish,
moved out to deeper waters off Fort Lauderdale in sesrch of fish. In 700 feet of water he began to catch golden
crab in his fish treps. Howard Rau was the first fisherman to land golden crab in the Fort Lauderdsie area.
wWhen | received news that we had golden crab off our east cosst, and tasted some crab from Moward which was
excellent, | decided to design and build a trap that would catch them more efficiently. This was done through
research and trap design literature from Alaska, Canada and the University of Rhode Island.

The trap had three-eighth inch rebar frame end five-inch nylon webbing mesh on the sides and top with »
one and » half by one and a half plastic coated wire on the bottom. The trap had a double funnel entrance five
inches high, 24 inches wide. The trap size is four feet by six feet by 30 inches high. Five traps 900 feet
spart make up a trewl. Becsuse of the Gulf Stream conditions, traps were retrieved by grappling.

A five-inch escape ring was installed at a later date to release females and smaller males on the bottom.
Research on golden crab reprocuction and spawning wss done abosrd my vessel. 1 highly recommend a working
relationship between fishermen and biologists. When the time comes to regulate the golden crab, | want to help
determine those regulations.

Three of us fishermen at this meeting have a propossl of regulations that we would like to see in place
on the golden crab before we even really get into harvesting this crsb on a larger scale. One of the first
proposals would be an escape ring sized to release femsles and small males. 1 would like the scientists to tetl
us the most appropriste size. Secondly, we recommend no harvest of female crabs. We have never harvested
female crabs. The female is a smaller crab, sbout half the size of the adult male, and we don't catch that
meny of them. We think it's much better just to leave that female crab on the bottom and help to preserve this
resource. The third proposal would be s carspace messure for the male crab that would translate to about a
pound snd a quarter male crab. We would like to reiease snything below a pound and & quarter, also targeted
by the escape ring. Once sgsin, 1 iesve the width of that carspace measure to be determined from scientific
research that has been done. We can get together with you people and come up with some fipures on that,

I certainly have enjoyed this two day workshop. 1t has been a plessure being here snd | certainly
encourage more resesrch. Any time the commercial fishermen of Fort Lawuderdale cen help in providing a vehicle
for this research, we are more than happy to accommodate you. Thank you very much.

¥. LINDBERG: Thank you, Richard.

D. ARRSTRONG: Uhat is the approximaste size, in inches, of an animal that weighs one snd a quarter pounds?

R. ERDMAN: About 125 to 130 millimeters.

G. NINSCH: 1f you look at the size range at which they seem to be reproductively mature, the smaller sizes
for males coincide with the upper size classes of the femsies. About 130 millimeters and larger are mature
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meles while 130 sm to sbout 85 wm sre meture females. So if you exciude the lower size classes of mature males
you would sutcmstically exclude fesaies.

D. ARNSTROMG: This fishery has been under wey for three yesrs in Fort Lauderdale?

D. MIELSEM: Yes, but in s very dorsent state. We primerily earn our living with fish traps snd lobster
here. The vessels we have are too smell for lsrge-scale crabbing. Howard Rau aireacty has a larger vessel and
is gearing up for the golden crab, as well as fish trapping end lobster fishing. 1 am working on a new vessel
nos. 1t has been a long slow process gearing wp for these fisheries. We have done the ground work, we have
used the technigue of grappling these traps and catching the crabs, snd we have that behind us. We haven't
really supplied crabs to merket consistently, snd the merket looks good to me, We've shipped crabs all over
the world; we‘ve shipped crabs all over the country snd it's been widely sccepted, only we couldn't meet the
Gemand. We have been pretty well stsble and now that we're about to move out and start grester harvesting, we
want to go to the federal councils and get some regulations in place before this industry takes off.

D. ARMSTRONMG: Presently sre there sny stete regulations st all?
p. NIELSOM: Not to my knowiedge. | don't know of any.

D. ARMSTRONG: Will the State automstically come in immediately or at some point when they sense the
industry is expanding?

- D. MIELSEN: When you fish federsl waters the State of Florida has no jurisdiction. We work very ciosely
with the federal councils. We are regulsted with fish traps and lobster gear in feders! waters, and we have
a good relationship with the federal councils. 1 don't see any problem with going before them as fishermen and
proposing these regulations, to get them in place so we can protect this resource and have it for s good many
years down the road.

R. ERDMAN: The only thing that the State does presently is to code the species as part of the State's
statistical analysis. The State presently records only gross pounds landed.

M. BLAXE: The State of Floride hss been reluctsnt and will contim = to be reluctant to either do sny
resesrch or to participste in sny reguiations that involve a fishery in tzoersl waters even through the cstch
from that sres is probably totslly \anded in state waters. They just will not participste in any of the shell
fisheries that involve federal waters.

D. ARMSTRONG: And that simply means beyond three mile limits?
X. BLAKE: Well, no, it varies (nine miles in the Gulf).

D. ARNSTRONG: It's surprising in a sense because most landings of dungeness crabs, for instance, are
beyond three mile Limits but states have jurisdiction. In fact, the tederal poverrment has sbdicated suthority
in those instsnces and only retains it in partnership with, say, a state like Alaska in the case of Snow crab
snd King crab fisheries. It surprises me the State could never come to have their specific regulations and
stendards snd enforce them. : ]

F. LAMLER: This fishery was started sfter the Magnuson Act went into effect. The fisheries on the west
coast were going long before that. ! think that's one of the reasons why the western states retain jurisdiction
and Florida doesn't in this particular fishery.

D. ARMSTRONG: Also in scme cases with relatively little fisheries value, the federal goverrment cannot
sfford comitment of funds to persistent monitoring snd mensgement of them, so it falls to the states to do so.

K. RAU: ] think it's safe to say that we would oppose the golden crab being put under the jurisdiction
of the state of Florida.

€. WMRICN: 1f you fish an sres for a while do you notice a decline in the catch?

D. MIELSEN: We were very lisited by the size of the vessel, 36 foot, and the hydrsulics. The depth of
the water limited Us to working s certain sres and we stayed in that ares st that same depth. We yielded about
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100 pounds per trap per week for two years. We weren't sble to expsnd out deeper or move around like we
normally would because of the vessel, 50 | can't give you a resl snswer to that question.

R. NIELSON: 1 wented to add just a couple of things. To achieve that 100 pound average for over a year
snd a half, we were fishing from spproximately 118 fathom to 125 fathom in the same basic area. There has been
some talk about how much pressure the resource can stand, and either those crabs were six feet deep when we
started of they were being drawn from s wider sres then originally thought. These crabs could be moving miles
to get to these traps becsuse it's smazing the smount of crabs we took out of this one sres. We would still
be doing that today except another fisherman came and set more traps in the ares right outside of where we were
fishing, and since then 1 have moved to a different ares. The catch has not been up to 8 100 pound average,
but there are days that we average 50, 60 pounds of crab which is scceptable to us.

Let's talk & little bit about merketing. When we first started marketing this crab we ren into all kinds
of problems. Originally, we sold the crab whole. People took it home and boiled it for an hour and a half
trying to get it to tum red, then would come back snd complain. We got into the retsil market where we soid
fish and crabs. We talked with the owner to basically inform the people and had some brochures made up that
explained how to cook the crab. We found that even when people cooked golden crab for 18 to 20 minutes and then
pulled the carspace off, they had s mess on the top of their table and that turned people off. So we decided
as p merketing gimmick to ciesn them free which would help the retail markets. When people buy these crabs in
2 retail market they pay for the whole crab, and the retail market splits it and cleans it so the peopie take
home only what they est. It's much easier for them, no muss no fuss.

Once people try this, they call the fish market every day. Ve can't even catch enough crabs to keep one
retsil merket steadily in crabs. ! brought in 500 pounds of crabs on Wednesday and they are probably gone this
afternoon.

1 think down the rosd that you're going to find its the live merket that is going to last. We've had large
boats from Alaska and Massachusetts come down and try to process snd freeze the crabs on the boat, snd they have
alt gone out of business. 1 think you'll see the only merket that's going to last is tor live crab. You can
pack these crabs in styrofoam boxes, put a couple of ice packs on the bottom and couple on top, and ship them
to Massachusetts, or to Spain. The crabs will get there with approximately a ten percent mortality rate, which
is pretty decent. A lot of pecple won't eat » blue crab if it's dead. Wnhen a golden crab is dead you can
butcher it and cook it, and it's perfectly fine. As tor the shelf Life, once a cluster is cooked, you can keep
that crab in your refrigerator for five or six days snd it's still perfectly good. 1t holds the flavor and
doesn't spoil. You have to cook the cluster. 1f you don't cook the cluster, black spot occurs in a matter of
hours, so once 8 crab is clesned it has te be cooked.

One of the things 1'm interested in, and that would interest you people, are the small crabs. From the
reports we had yesterday no one knows where the juvenile golden crabs are. 1 would like to find that out. Just
where do they go, are they way down deep snd then migrate in shore as they get sexually mature?

1 would like to say once sgain that if you are down in the fort Lauderdsie srea snd you would Like to go
out and see how we fish for crab, you sre more than welcome to come out for » day. If you are planmning studies,
our boat is always open to snyone who wants to do the work to help the resource. 1 thank you for inviting us.

D. ARNSTROMG: !'m curious, what is the crab worth per pound either off the vessel or retsil?

R. NIELSON: We get & dollar a pound off the bost, retail is snywhere from $1.49 to $1.69 » pound. We
started out trying to get $1.50 off the boat, and they were selling it for $3.59 a pound retail. We had to cut
way back. We were down to 75 cents, end the retsil merkets were selling them for 99 cents just to get it
established. Once we got it established we raised the price up 8 little bit so we could make & decent buck at
it.

A. NINES: That's for whole crabs?
R. NIELSOM: Yes, that's the whole crab.
N. BLAXE: You've got to remember they sre fishing some six to ten miles offshore, you couldn't sell it

on the west cosst of Florida at s dollar a pound because the fishery is 100 to 150 miles offshore and you need
a much bigger bost. Your investment would be such greater slmost any place besides the Fort Lauderdsie
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vicinity.

R. NIELSOB: Ve have in easy in some respects, by fishing only five to ten miles off the coast. But it's
not the easiest thing in the world to fish in a two to four knot current, especially using the grapple to hook

the traps.

R. RILLER: How large an sres did you fish over the two years before you moved your gesr, how meny square
miles of bottom?

R. NIELSOM: ] would say spproximstely six square miles.
R. MILLER: How mervy po\.rds did you take out of thst ares?

2. NIELSEM: [ don't have sn exact figure, but roughly an average of s thousand pounds per week for over
s yesr ond 8 half. Seventy-five thoussnd pouis would be 8 rough figure.

D. ARNSTRCMG: Have you lost gesr using the method of grappling?

R. NIELSOM: No. When we first started we would go out there and grapple for six hours and not even touch
2 trap. Once you get used to it and get the technique down, you let the current work with you instead of
egainst you. I've lost one trap to the bottom in three years.

D. ARMSTRONG: Do you have sny feeling whether the traps would continue to fish through extended periods
of time without beit, that is just by virtue of habitat itself?

L. NIELSON: Ve have stainiess steel gates that hang down to allow the crab in but are not supposed to
aliow the crab out. Once the bait goes, these crabs will find their way out of the trap. Similar to the fish

traps, we use whet's called s wire tie which is » smell dismeter wire that construction compsnies use to tie
rebar together. We use it on the golden crab traps in case the traps are tost, so eventually the ooor will

open.
G. KIusCM: Do you get any of the gisnt isopods when you fish for golden crabs?
%. WIELSEM: No.
€. NINSCHN: That's a by-catch in the Gult of Mexico fishery.

K. WIELSON: 1've seen them from the Keys, but I've never caught one. One fisherman in the ares has caught
one.

G. MINSCH: They are quite common out here.

R. NIELSOM: Ve don’t see them, probsbly because we're not fishing deep enough. | imsgine if we pet out
farther we'll run into them.

F. LAMLOR: What other kinds of by-catch do you get?

2. MIELSOM: Very little, we pet a Cancer crab once in a while. On 8 big day you might have 20 pounds.
There is a spider crab, Rochinia, that seems to be more on the upper depth Limits where we fish. 1f the pesr
is moved to the inside limit of the golden crabs you'll get five to six of them in each trap. [ csupht maybe
ten fish in three years, bisckbellied rose fish and a Snowy prouper. Howard Rau casught a Spiny dog fish,
snother guy caught @ Goose fish, and we caught one Americsn lobster.

€. NIusCi: Did you ever find sny shovel-nose Lobsters?

R. NIELSOM: No. UWe do catch them shallower in our fish traps, but we don't catch any out there.

V. LINDBERG: Sesn or Howard, do you have sny words of wisdom you care to psss slong to us?

S. INGHAN: My name is Sesn Inpham. 1's s commercial fishermen from Sermuda, ond | would like to thank
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all of those who have been instrumental in inviting me to this workshop. | heve lesrned quite s bit snd it's
genersted quite of bit of food for thought regarding the future in Bermua. I'm 90ing to go back with this
information, sit down with the suthorities and see if we can come up with some answers and try to cevelop »
fishery for golden crab in Bermxia,

At the moment 1'm the only person working it in a very smsll way with just a few pots. | had to 90 south
to Belize to set up a fishing operation, snd while there we sttempted to find golden crab but didn’t. lnstead
we got a lot of Bathynomus isopods. We got our fishing operstion going there and came back to Bermuda where
l've only been beck into fishing for about a yesr. This year I'm optimistic. I'm getting back into it, and
we're in the infancy stage. No real msrkets sre established in Bermuds, 80 | have to both cstch snd devetlop
markets. Only o few restaurants use goiden crab.

When we started back in 1984 with golden crab; we sold the crab live at $2.50 a pound, and the resnunnts'
were able to make money. | think now that we can still meintain those prices even with inflation. As I ssid,
we heve to do everything ourseives right from square one. We have had promises from the Sermuda govermment to

help us. Any questions?

N. BLAKE: What kind of catch rates do you experience?

S. 1NGHAM: Well, fishermen loathe change, particularly in Bermuda. They did not want to venture into new
types of traps which you are familiar with, even with the documentation | 9ot from Ray Manning and Warren
Rethjen. We needed 8 trap that could be utilized both for fish and crabe, depending on the time of year, the
circumstances, snd merkets. ! was working an eight foot by eight foot, four-foot-six high trap, which was set
sround July 15t in 1984. We went back on July éth, snd we didn’t know what we were poing to catch, since none
of the authorities could tell us what was out there. They told me | was wasting my time, there was nothing out
there, and to forget about it. So these crabs came up on July 4th snd jokingly we celied it the Independence
crab, because it was going to make all the fishermen independent.

Later on as we moved these traps into the sreas between the benks end Bermuda's edge where the strong
currents were, we had one’ trap that came up virtually packed, and we couldn’t get it aboard the boat.
Eventually, it just graduslly broke up against the side of the boat. $So then we started fishing smatler traps
that we could manage better, and we found as we went down in size, the trap caught less. But we were sveraging
30 pourds a trap, sometimes less, sometimes more. VWith smeller traps the crabs either got out or we didn't heve
muxch success. The shaliowest depth we found the crab was in 420 fathoms, nothing shallower than that. We have
tried up and down the slope and hsven't found sny.

E. GENNER: Mave you found the sex ratios to be roughly equivalent off Bermuia? | know that Brisn
Luckhurst reported that, and | was wondering from your experiences whether you found a fairly equal number of
males and femalies?

S. INGHAN: Most of that inforwmetion Brian Luckhurst has. | have had enough to try snd cateh it and market
it. We used to chill the catch down to about 26, 27 degrees Feshrerheit, snd this narcotized the crabs, and
stopped them from sttacking each other. When we got in, that catch wes weighed, and Lorsn fixes were available
for Brian's informstion. MNe would have all that informstion.

D. NIELSON: What depth of water were you fishing?

S. INGNAM: 420 fathoms. We found the species of crab st thet depth wes the bigpest. As we went deeper
the crabs got smmlier, and then o ssslier species started. We went out as far s 1,900 fathoms. This year
we're intending to go down to 2,800 fathoms reletively close to Bermuda on » one shot deal, because I'm now in
the financisl position to spend all my time researching. 1 was relstively close to shore working in s mile of
water.

D. NIELSOM: What size are these crabs, the largest male, four pounds, three pounds, can you give me » per
crab weight?

S. INGHAN: Ve caught some very big crabs in the five to six pound range, and on one crab the carapsce was
about 20 inches scross. MNind you, the funnels in the traps are large. ['ve seen the Mielson trap, snd your
funnels are not that big. | would ssy if you tried bigger fumels in a larger trap you mey find s larger crab.
With whet you've done now, you're limited in the size crab you can catch, and that's not necessarily the

L-50
Draft Golden Crab SAFE Repon



Appendix L. Geryonic Crabs and Associated Continental Slope Fauna: A Research Workshop Repon

biggest. The biggest one was weiphed h’ Luckhurst st 16 pounds one ounce.
R. WALLER: Are we dulmg with the same crab here?
S. INGHANM: There has been very littie help from the goverrment to determine that.
F. LAMLOR: Were you taking both meles and femsies?

S. INGHAM: That's true, At the present moment we are still taking both sexes. ko laws govern the crab
in Bermuda, Similar to the FDA laws that you have in the United States, we will follow your example. Whatever
Laws you ensct up here, we'll probably follow suit down there.

when the crabs came up, both the scientists and fishermen looked on it as a waste of time to throw the
females and smeller crabs back becsuse they were going to die. Ve didn't reslize what a strong constitution
these crabs have. Ue have found that out from the seminar here. Where machinery and refrigeration has failed,
crabs have been held up to 50, 60 degrees and live. 1 think they heve a chance if we csn work out what size
crab wetlre going to relesse. The mesh size we were working with was two-inch by two-inch mesh.

F. LAMLOR: Is that the size you use on the fish traps?

S. INGHAM: Same gsize on the fish traps. We sre a heavily regulated fishing industry in Bermuda. Back
four or five years 8goe, 1 had 100 tegal traps. Prior to that it was 400, and they have cut me from 100 back
to 50, and from 50 1've been cut back now to 34. This year we're being cut back to 26.

1 have tried to find an slternative way of fishing in Bermuxia for the fishermen, and have tried to get away
from more traditional types of fishing becsuse of complaints about overfishing, the targeting of small
herbivores for filet, snd the limited space end platform thst we have to work on. I'm trying to find an
alternative that the fishermen can get into and continue, but we need to regulate that right from the beginning
rather then at the end and try to bring it bsck, which aiways has been a big problem.

R. WILLER: Conventionsl wisdom is that animals that deep sre probably quite old and quite slow growing,
so your fishing operation could be viewed as & mining operstion rather then a sustained yield. Some other
people have more experience with these deep weter habitats, but ! think that would be a safe generalization.
You'll fish an area out once snd the next time it will be your children who will fish it agsin. We won't have
» sustained fishery at great depths for sny commercial species.

M. BLAKE: It hasn't been brought up yet, but if we're talking menagement, sometime along the Line in this
fishery we should be talking limited entry, whether it be in Bermuxis, in the States, or wherever. | don't know
how the Nielson's feel about that but if 500 people see » resource ocut there, especially ina deep water species
where it could be fished out quickly, limited entry may be the only answer.

S. InGHAN: As for limited entry, in Bermuxia the fishermen have worked single traps. Ve sttempted to use
traps on strings snd it didn’t work out too weli. We set traps about 500 feet apart but they tended to get
snared up in the rocks. Now we have the knowledge, we've seen enouph films and fishermen working.

Just a point of interest, doors on our treps, as pert of the law in Bermuda, are tied with biodegradable
rope by lsw. Ve siso found that a conventional fish trap that's set in five or six fathoms, will last
approximstely three years. You go out to 30 fathoms, you get about two yesrs from a trap. You take that trap
down off the edge and go out for crab and you get about three months because the wire starts to erode very
quickly, either from electrolysis or what, ] don't know. The sisal rope in shallower waters is discolored after
sbout six weeks. 1n 500 fathoms, that size of rope Looks perfect six weeks later, but two weeks Later that rope
is perfect to look at, looks brand new, but falls spart. 1t's very interesting and 1 don't know why it hap:-ns.

We were cotching most of the crab up into the north and northwest, and the bait in the trap wi. in
excellent condition sometimes a week after. On the southern side of Bermuia, we found that the bait after ,ust
one dey looked Like 4t had been cooked. | thought it was being attacked by some type of bacteria but some
scientists supgested it could have been hot vents.

W. LINDBERG: Why don't we shift gears and turn the floor over to our rapporteurs to try to integrate the
biology from yesterday with some of the fisheries comments from this morning.
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R. SWITH: For Chaceon meritse, | would srgue that it doesn't have 8 terminal molt. ! propose that molt
plus one other, in Other words two msture molts. ! think you know there are several reasons for that. For
starters | have kept mature animsls in tanks, snd they have molted to soft shell, 1 am quite convinced that they

. sre not terminsl molters. Then related to the up and down movement psttern, l've done s lot of tagging, and
I've got to look at it from a sessonal point of view. ]t tends to supgest 8 sessonsl movement Up and down, but
by size. In other words, as soon as they got a little bit bigger they tended to repeat the tag returns from
s shallower depth interval; ss they were getting larger they moved up shelf.

A. NINES: Would thet be just by default? 1f little ones are only found deeper, a5 they grow they disperse
from that zone, and then you would tend to get them at shellower depths, or do you think it's really a
directional movement? : :

R. SHITH: 1°'m not quite sure, but what | would say is that generally the siope is of & distance that they
could easily move five, ten miles up slope and get to whatever depth they would like, so it seems that they
could easily move that distance if they wanted to. It seems that shaliow is more suitable to them.

R. WALLER: 1 think they would be moving up slope in resction to food. More food would be uwp slope than
cown slope, and the larger animals that require more to est would move to an ares wnere they might feed better.

R. SHITH: Could be.
G. NINSCH: ROy, you have two mature stages for femsies?

R. SMITH: Yes.

G. HINSCH: You don't think that the second one molts again, end thst isn't a terminal molt in thst
instance? You think they molt to thst second msture stage and then just die?

R. SMITH: The period between these first two mature stages is so extended, probsbly sbout four years or
s0. Meybe they never get the chance to molt spain because the third mature stage might be so extended that they
mever even resch it, might possibly get taken by predators before then, -

Another thing that also mekes me think that they have two msture stages is that portunids have a series
of two mature stages. As Ray Menning wes saying, the Geryonids are so closely relsted to the portunids, that
they possibly have the same pattern.

C. MINSCH: But it you assume that any snimal within s single instar would very, they would not all be the
same. Wouldn't YOU €xpect to see some sort of a double betl curve in the sizes?

R. SHMITH: No, you don't.

C. MINSCN: With Chaceon seversl people have shown that the maximsm size of females is approximately 13
ond 8 half centimeters but they hardly ever find them beyond that.

R. ERDMAX: We heve recorded ovigerous females as wide ss 156 millimeters.

€. NINSCH: Very few of thea.

R. ERDMAN: But | have never seen sny biv--cd-l sungttion in my dats.

€. NINSCN: That's what 1'm ssying. 1f you were to have two ditfferent stages wouldn't you have & bi-
modal situation, with one instar having the largest frequency at one point and then the next instsr having again

a large number of individuals?

R. SNITH: 1 don't think you would see that becsuse you took dats at the end of it's life history and by
that stage there are ail sorts of different growth petterns.
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€. NimsCN: But in Chaceon, temsies relesse their eggs, their embryos, snd internaliy they have fully
developed ovaries. If you consider the energy necessary for overian development it would seem very unlikely
that large numbers of femsles are going to undergo vitelliogenesis and relesse their Larvae, with viteliogenesis
occurring at the same time as larval development and then not continue on to have another brood trom those eggs
which they contain within them,

V. VAN NMELKELEM: | don’t think you would see » bi-modal distribution as Tuck Nines was talking about,
possibly becasuse of large growth increments. The only juvenile we had that uas sny size was 82 centimeters and
it molted to 1. That's only an eleven percent increase st the molt for that size. If you have much varistion
at all it's going to wipe out a bi-modsl distribution. We found with our juveniles that they started out with
sbout 8 43 percent incresse of stage one to stage two, and by the time they were going from crsb six to crap
seven it was cown to about 14 percent. It looks like as size incresses the increment percentage decreases.

A. NINES: You could have s declining molt increment with incressing size so that the juveniles would have
s fairly high molt increment and the larger aduits would have decressing molt increments.

¥. VAN NELKELEM: That's whet our data show.
A. HINES: That's common in xanthid and grapsid species.

P. RAEFNER: To follow up on one of the things that Tuck Hines wes saying sbout taking csreful measurements
and observations, | haven't heard anything expressed here sbout observations on perasites of these crabs. |
gon't know the growth rate, for example of the octolssmid bernecle, but if you see a crab that's Loaded with
large octolasmid bernacies, you get some sense as to how long ago it has been since that individusl has molted.
You should see the same thing with perasites in the gill chambers. It takes a littie more effort and a little
bit more time to Look for these things, but | think it's worthuwhile in the long run.

A. NINES: The most obvious comwmensal with these species are the stalked barnacies that occur on the
carspace.

R. ERDMAN: That not Octolasmis, it's a poecilesmid. There isn't enough known about the bioclogy of that
species to know how tast it's growing.

P. NAEFNER: We need to get some commensal biologists involved here too.

6. HINSCH: With one specimen there was a large polychaete worm about six inches long. | don't have the
name with me but I can get it. This was found in the gill chambers of the red crab, we never found it in
Chaceon fenneri, but they were quite common.

A. MINES: ! think that you can get some informstion about that, but it's more qualitative informstion,
and. | would be casutious becsuse it's difficult to meke strong inferences from that. It helps support more
direct informetion from the crabs and their molt stage, 80 | think it's worthwhile.

R. ERDMAN: Regarding both commensals that we jm't discussed, the barnacles we've collected from both
Chaceon fermneri snd guinguedens have been sent to Dr. Willisms in Wales, thanks to Tuck. Thast group appesrs
to be » taxonomic nightmere. And regerding the gill worms, we have collected extensive numbers of polychaetes
from Chaceon fenneri from both the east cosst and the west coast. They seemed to be fairly common. Tom Perkins
trom Florida DNR has identified them.

E. MEMMER: We also found this particular polychsete in Chaceon ferneri in our collections.

D. ARMSTRONG: | have » question both for the fishermen and probebly Bob Elner and it has to do with your
desire to predict consequences of certain actions, and this reiative to the ecological role of the snimal in
the community. To date the fishery has been very gentle, in fact not nesrly big enough to have some sort of
impact, probably on the standing stock of big snimels st the top of the size renge. It is in tact the mining
point of view that you suggested, Bob Miller, which is to say 1t's right now Like some of the virgin Snow creb
populations, old snimals tending to inhibit growth of younger ape classes. Once removed, the big snimels will
ocbviously be » rere commodity but also will evoke certain kinds of reactions in the population sas a whole. A
lot more may grow, but to smellier sizes. How does the Canadisn poverrsnent approach exploitation of thst kind
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of o fishery which is predicted to be slow in recovering, snd how would fishermen want to handie it in this
particular case? We heard the suggestion of very limited entry as one type of regulation, but | guess you might
need to be prepared for the possibility that your fishery comes to an end over a fairly short time and takes
s long time to recover.

S. INGHAN: 1 would Like to say that if any study is going to be done in Chaceon, Bermuxis would be an idesl
place to do it because of the quick incline of the slope. At 420 fathom the larger species disappesred and st
sbout 500 fathom snother species took over. You are in close proximity to lend and we heve a day-time fishery,
no one really fishes at night.

A. NINES: What species is that?
S. INGHAM: Chsceon Fenneri,

A. MINES: Do you see C. gquinguedens?

S. INGHAM: Yes. There sre several species there but they seem to be governed by depth. The iargest of
those species are 8t the shaliower depths and the smaller ones deeper. You're within a very short distance of
these depths, whereas slong the continental United States one has to go meny miles before depth changes. Also
the funnels of the traps mey be a very good device to protect the larger species. By restricting the size of
the funnel, you lesve the larger species for reproduction. | don't know if snyone has got any comments on that.

A. NINES: So you're suggesting then thet there be both sn upper and 8 lower size limit on the catch.

S. INGHAM: Once we know the maximmm :fze of the species that is being targeted, I think something could
be done along those lines similar to what has occurred in Maine with lobsters. | would like to hesr more
comments on that becsuse | don't know what effect that will have.

P. HAEFNER: One thing to add about the American lobster. e have the classic case along the east coast,
off the coast of Virginia when they discovered an offshore lobster population there. The very large 15, 20
pound lobsters were fished out very quickly down to five snd three pounds. | lost track of the status of that
but perhaps either Bob Miller or Bob Elner cen relate to that in New Englend and off Cansda. You can very
quickly deplete the big individusls, and if Chaceon is indeed a very siow growing species, with intensive
fishing efforts you probably would see a recuction of that upper mode. Of course, 1 don't know if Roy Smith
has experienced that either.

R. ELNER: ! think it all points to the real importance of monitoring this fishery as it takes off. You
are looking st the number of soft shell crabs in the fishery every year and looking for other signs of
recruitment. To get back to Desve Armstrong's question, until we know that recruitment we must proceed

_ cautiously. 1f it is 8 mining operation, ‘there are s number of management strategies you can use. You can use
measures whereby you only fish that species every ten years or every five years. Alternatively you enclose
areas and fish one srea for two years and then close it for five yesrs. Or you could make sure your
exploitation rate is very low so you can let very few fishermen in the fishery. There are » number of
mansgement strategies, but it all depends on the response of the stock harvested in terms of recruitment.

W. LINDBERG: Getting beck to one of the comments that Deve Armstrong made sbout the Alasksn fisheries,
that recruitment events mey be occasional although reproduction may be regultar or snnual. Successful
recruitment events Gon't necessarily follow from that. In s comperative sense being long lived, with late
maturity and a tremencdous investment in reproductive effort compered to other crabs, could it be that we sre
having trouble finding juvenile size classes becasuse this is only an occesional event? 1f an snimal is living
for 30 yesrs and reproducing snnuslly over » good portion of that time, could it be that successful recruitment
from sny given indivicuais's brood is only happening s small percentage of thet time?

A. NINES: That's s distinct possibility. I think that we resily don't know enough to snswer that question
for sure about sny of the species of Chaceon, but we have similar cases in other species of crabs to show that's
e possibility. The Snow crab situation end-also-King crab-that-Dave -Armstrong-mentioned seemed to indicate
that's 8 possibility. In the cese of Snow crab, chenges in size structure of the population are concomitent
with fishing pressure, and seems to result in differences in the mating biology and relative contribution of
different sizes to the reproductive output end reproductive success of the population. That can vary
geographicatly smong fishing sites through the range of the species. It is something to be concerned with.
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Thet kind of informstion is needed or Chaceon, but it's not something you can snswer quickly; there is no sisple
test for Jdt.

2. niELSOM: 1 fished New England lobsters in Massachusetts for about 20 yesrs. The cquestion here is the
large snisals and what's going to happen to them. lt's been my experience that with sny new resource in the
marine field, you're working on the Large sdults snd those are teken right off the top. Then, it comes .¥wn
to 8 level where you get an annual yield, 8o i resily don't see a probiem with thet. The larger snimesis re
taken right off the top of the rescurce. 'That occurred on the offshore lobster fisheries up in New Engi. 3.
The inshore Lobster fisheries which | perticipsted in ended up so that we were taking a certain size lLobster
down to a level, and we were throwing beck the saslier ones that were next year's stock. We were then
harvesting every yesr, snd it steyed at that level for 20 yesrs. Il've been out of that fishery for over 18
years now and it's still st that level, so | don't really see a problem of teking heavy, Larger snimals off the
top of a resource.

Secondly, the state of Maine is the only state in New England that has the large carapsce measurement to
protect the Larger maie and female lobster. | don't see sny purpose of it. 1 don't see where it's helped them,
but it probably hasn't hurt them.

A. MNINES: The real concern in most fisheries menagement strategies is to be sure that the size
restrictions exceed the size and age st first reproduction, and that it not be just physiological reproguction
but that they're functionally abie to reprocuce. For example, in the bungeness crab fishery and in most crabs,
males must be Larger then females in order to mate. So while o small male may be physiologicaliy mature and
capabie of reprocucing, in fact, they sre not contrituting very much to reproductive output of the population.
You must have that minimm size females, for example, related to the functionsl reproductive biology, not just
the age st which they become mature. We need to know & little bit more about that in Chaceon. We don't know
enough yet. | have seen males in copulating pairs and the few dats we have show males are quite 8 bit bigger
than the females, not just equel to the largest size of the femsles.

D. ARRSTRONG: | would tend to agree that an upper size Limit doesn't seem wise or necessary in this case.
And the trick is whether or not there will be sufficient size differentisl between your economically viable
minimun and that of a crab which is also bred. The fact that so meny people report low percent ovigery, but
st times that it's high, is somewhat troublesome. 1n most other crab fisheries that are surveyed, those females
of theoretical meture size are aimost always 100 percent ovigerous in sesson. Yet for these animals a» lot of
times tiny fractions are carrying eggs. It may just be a quirk of continuous reproduction at depth, as has been
suggested, but it siso could be evidence that they don't sll reprocuce srrwsslly.

1 was going to ask Bob Whitlatch, that if these snimals are severely food limited and, considering the size
frequencies for msles, the fishery crops the populstion to 140 millimeters, and that provokes some sort of
rumerical response in terms of more smaller crabs, can you anticipste sny effect that might have on the overail

commnity?

R. WITLATCN: To my knowledge I can think of no good example. A lot of times you don't see immediate
responses to predict this in terms of typical fisheries.

D. ADISTRONG: They have got to be either worse off, better off, or no different in terms of the overall
food supply for more smeller snimsis if they have this cap of larger animals removed.

2. WITLATCN: One would predict that there should be s response of the food resource availabilit: as the
predators decresse, although there are other factors involved. Fishes might replace the crabs snd have »
similar sort of cropping behavior. We don't know s lot about the feeding ecologies of these deep wster
orgsnisms. By the wey, sn unpublished Ph.D tbesis by Jim Farlow of Yaie University desls with gut contents of
trawl surveys. Generally most of these large forms are really opportunistic feeders and it's felt that they
crop their food resources very nonseiectively. So the presumption here is that if you decrease one species you’
might increase snother species. )

V. VAN MEXELBR: | would just iike to reiterate what's been said seversl times in terms of learning more
about the importance of juveniles, where they sre and what their movements are. 1 think we have pretty
extensive trawl surveys on Chaceon snd have only gotten very few juveniles and those were at great depths
compared to the sduit population. 1 was interested in Roy's comment yesterday, that they found a ldt in fish
guts so they knew thst they were in shallower water; it that right?
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R. SHITH: That's right,

.

U. VAN NELKELEN: So this dissertstion might be very interesting to look at.

R. WITLATCN: | would slso reiterate seversl comments people have made sbout the importence of integrating
information that is required to understand the resource for fisheries and the importance of the genus in the
slope envirorment. We have & somewhat unigue situstion here in terms of research initistives and funding

- agencies for this sort of resesrch. Many of the states are not going to be interested in supporting resesrch
activities that occur in federal weters. Resesrch could be motivated by two issues, the besic biotogy of the
organism and the role it plays in upper slope commmnities. At the same time, gain the appropriste informstion
that people have pointed out concerning the crab's potential as a fishery resource.

A. NINES: 1 would like to second that. From Rey Mamning's discussion of the incressingly appasrent
diversity and world wide distribution of this group, what we Learn about the biology of Chaceon species in the
U.S. and off the African coast is likely to have world-wide implications for thet depth zone in the ocesn. From
» basic resesrch point of view as well as fisheries msnsgement, there sre important issues. We're learning »
Lot sbout that depth zone, and we're bringing new technological sdvances to besr on those resesrch issues that
we haven't been sble to approsch in the past. In my view, it's somewhst snalogous to the rocky intertidal
ecologist suddenly doming scubs gear and finding out there is s whole lot going on below the low tide mark.
There is indeed 8 Lot going on in the typical fishing zones that have been sanpled in the pest.

Secondly, there are cther aspects of the biology from » commnity point of view, on trophic interactions,
that we haven't raised here. WVe've taiked s lot sbout this cepth zone that seems to be consistent and distinct
when two or more species of Chaceon overlap, and that there is 8 vertical segregation with C. guinguedens, for
example, always found deeper than C. fenneri. Well, why is that, what maintains that? It is simply some
intrinsic depth preference of temperature preference or are there biological interactions between fenneri and
quinguedens that you might expect to observe thet would be conmpetitive, either exploitstive or interference
campetition?

Ve haven't talked about conpetition among individusis. 1f food resources and access to metes sre reslly
importent, thst would suggest why this species has long distance sensory abilities, and aiso potentially could
suggest a resson for the common occurrence of black scars on the crabs that might be due to aggressive
interactions, or could be just due to crabs banging into things on the bottom. We see that both on L. fenneri

ond §. guinguedens snd | suppose on other Chaceon species.

And finaslly, we raise the issue sbout what are some of the predators on these crabs. Ue talk about fish
preying on the juveniles, but we don't know how common that is or how important that is to the fishery resources
on that siope. It would be worthwhile, if you fishermen catch some fish in your treps or in your trawls, to
look st the stomsch contents of those fishes and determine whether they have little crabs in their stomachs.

. 4. LINDBERG: On the questions of species interactions, with our broad scale sampling in the Gulf, if it
was species interaction setting sn woer limit for red crabs, then you would expect an ecological relesse in
the absence of §. ferneri. We don't see this in the northern Gulf where the bottom types are sppropriste, with
predominent by muxi-silt bottam at shallower depths. There are no L. fenneri there. 1f species interaction set
the range, then you would expect . guinguedens to move up, and they don’t.

. R. WHITLATCN: In New Englend we don't have {. ferneri, but it's been sugpested that Cancer irroretus is
out competing Chaceon guinguedens in the shallower waters. So there may be snother species, maybe not »
Chaceon, that is fulfilling the role that L. ferneri is playimg.

W. LIBERS: If it wes filling the role of C. fenneri you might expect it would be sanpled in the seme
tashion as {. femeri, and we didn't have that. The intermediaste and shallowest depths in our sample weren't
producing some replscement for C. fenneri. The C. guinguedens were simply not moving up, which suggests
something else is Limiting them. .

C. TRIGG: We don't see aggressive behsvior when we hold the species together in overcrowded conditions.

V. LINDBERG: ~-There -may be not.be canmnibalism, but with trap observations, we do see clesr aggressive
behavior as they first approach the trap. There sre cheliped displays, there is contact intersction, there is
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s fleeing of the smeller indivigusl, things that sre chsrecteristic of all the other crabs 1've seen. 1f there
sre low frequencies of molting and a small proportion of the females are receptive at any given time, there
could be some fairly intensive competition among the maies for mates. Given that they are incopulo for such
a long period of time, rather intemnsive sexual competition is suggested.

R. ERDMAN: To return to bethymetric distribution, we have completed oxypen consunption measurements over
tesperature ranges on Chaceon guinguedens and Chaceon ferneri. The experiments were this fall, snd | haven't
finished the analysis, but we did messure both species and both sexes over time in a respirstion chamber. From
visusl cbservations, there seemed to be o slight sluggishness at wermer temperstures with C. guinguedens. They
just don't do as well. They survive but sre insctive snd don’t feed. Data that are published, whether from
gray litersture OF not, sugpests an upper temperature limit. Yet, the species has been recorded from
temperatures as high 83 12 degrees Celsius, but some of the gray literature reports thst sbove nine or ten
degrees the species begins to show potential physiological disturbances of physiolegical discomfort.

R. VALLER: Depth distribution is really interesting. Sesn said he didn't collect L. femneri at depths
above 420 fathoms, snd yet in the Gulf we get them at 200 fathoms which is our best sampling range.

R. ERDMAN: On the esst coast when we first started to work with Dick Nielsen, we were fishing about 120
fathoms. We set traps in the Gulf at 120 fms and got one crab. On the esst coast of Florida the Gulf Stream
spills ontc the shelf along the Fort Lauderdale area. 1t would be interesting to see what the temperature is
like in the Bermmxie area. Obviously finding out the physical conditions are very important.

R. NIELSOM: When | was catching more crabs than | had merkets for 1 decided to take & couple of trawis
of traps and see how far in | could catch the golden crabs. At sbout 600 feet 1 only caught o few, and inside
of 600 feet there weren't sny. Beyond the hundred fsthom curve, you didn't really get into crab sround 118
fathoms. At that depth there were a few but not enough to be commercislly visble.

R. RILLER: Two rather extensive conments. First, distribution snd sbundence is what seems important for
both ecological and fisheries applicstions. As biologists we're not very experienced in giving density
estimates of lerge deep water snimeis. 1 think the fuxiing sgencies should be pstient with applications, that
simply refine and develop measuring resl density, and absolute density of these snimals in deep water. It's
not glamorous perhaps but it is necessary.

A. HINES: Certainly the videos on the submersibles are s very good way, but very expensive way to do that.

R. WILLER: Secondly, regarding o msnagement pian, if | were to meke one, initislly ! would do it
exclusively from econamic considerstions. [ would set a minimum size based on what you could sell. Don't waste
it, only catch what you can sell, independent of considerations of reproductive size. 1 would expect that, at
least now, there are 8 lot of refuges inaccessible to fishing either because of depth or because of low density
of the prey snimsl. | think one could fish until you pet down to a certain minimm. If the industry is
uncomfortable with that, set a tentative guota, say three million pounds for southeast Florida. If it takes
one yesr to get there or five yesrs to pet there it doesn't mstter. When you get to two million pounds close
the tishery for five yesrs and open it again and stert over. But it's going to be, 1'm simost certain, s mining
operation or very close to that. The American lobster is not, unfortunately, a good parallel because it's a
shallow water, fast growing species and these snimsls sre not, I'm sure. You're going to fish them once snd
leave them for meybe another generation of fishermen.

R. MMITLATCN: No one has said anything sbout black spot disesse, is thet a concern? 1n New England it's
of grest concern and it's been sugpested that red crabs might be & pood model to use to Look at the incidence
of blsck spot disesse.

E. MORER: Whet he is talking about is not melenceis but the presence of chitinolytic lesions. We found
99 percent ot the individusls that we sampled had incidence of chitinolytic becteria. In some cases it was very
extersive. It is certainly of interest thet in blue crab populations thet is also beginning to show up in North:
Carolina. 1t's also extending to South Carolina end is being picked up in Chesapeske Bay now where it is being
relsted to poliution. | think we definitely need to know more about why there is such a high incidence of
chitinolytic becteria in Chaceon femneri and Chaceon guinguedens in the deep sea.

R. WMITLATCH: It's one more motivation for studying the animal. 1'®m thinking if we cen't interest

.sgencies that sre interested in the orgenism or the fisheries resource we might interest agencies that mipht
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like to use it as @ monitor for pollution on the upper slope. We can broaden our base here.
A. RINES: Any other comments?

D. ARMSTRONG: Just 8 point of interest, I'm alweys curious where people get their crustacesn funding.
You've been on a little bit of a roll in this pert of the world, whst do you snticipste the source and
likelihood and level of funding will be? 1s i} sll going to be federal goverrment or will your Ses Grant and
tocal states continue this for five yesrs?

4. LINDBERG: Well, the prognosis isn't all that grest. | would ssy we have been riding the wave of
fisheries development in the southeast and now we have a handle on this. 1t doesn't have that appesrance of
being snother King crab or Snow crab, although it can be a viable localized or regional fishery. mMotivation
from Sea Grant, National Marine Fisheries Service, and the fisheries development view has probably run its

course.

D. ARMSTRONG: That gets basck to Bob Whitlatch's coment of hooking the wagon to other ecological types
of studies and agencies to fund fit.

E. MEWNER: | have thet distinct impression too that we were able to scquire a fair smount of funding
through the region. This type of resesrch takes s lot of funding. Just from my own experience, ! received
funding from five different agencies, and put it all together into one package which required a great desl of
effort. But it required a grest deal of money to be sbie to do the work. What I'm sensing now is that with
golden crab being the only topic of directed research efforts, 1 don't think we're going to be as successful
in getting that funding. These species are going to have to be lLooked at in @ more ecological or community
role, as opposed to golden crab being the sole focus of the research.

M. LINDBERG: That's part of the agends in bringing so meny different people from different regions and
different viewpoints together. We hsve the opportunity to forge interdisciplinery or multi-investigstor
sporoaches to the broader scale ecological questions; that's in all of our best interests, especially when
viewed on the comparstive basis that Ray Mamning has given us, snd considered in the broader context of other
crustacean fisheries.

A. MABERY: Certainly our research center is very interested in this problem. A large part of the reason
for participating in this workshop is to get a multi-disciplinary group like this together. The center in the
- pest, as Betty ond Bill know, has been eftective in providing the equipment and utilizing that as a seed elong
with other kinds of funding like Ses Grant snd state agencies. Certainly from our point of view, the funding
that we're Looking 8t now, and the resesrch agends, is for big scale projects. The kinds of things that are
fundable are Gulf of Mexico ecosystems versus South Atlsntic ecosystems, snd what functions sre involved, snd
the integration of physical ocesnography with larval recruitment processes. Those are very important things
we can do. We have very good resson to reach out to merine geologists and hydrologists, oceanographers, in
terms of funding. PuUt your interests in context of a bigger plan, 8 multi-interdisciplinery study, and use it
s » seed to gpet topether and go forwerd.

V. LINDBERG: That perhaps is the best wrsp up to hsve. Something to go home with, s challenge to work
with. | would Like to thank all of you for taking the time out of your schedules to come here and enjoy the
Florida sunshine. Ve formelly stand adjourned.
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SUMMARY OF RESEARCE NEEDS AND OPPORTUNITIES

Kelly et al. proposed a model for C. guinguedens larval
transport in surface waters which was supported inferentially here
by R. Smith for C. paritae and Lindberg et al. for C. fenneri. As
noted by W. Van Heukelem, rapid larval development rates at warmer
surface water temperatures should favor the restricted geographic
distributions of geryonid species reported by R. Manning. Is
vertical larval migration and surface water transport the rule
among geryonid crabs? If so, what are the general implications for
recruitment processes and life history strategies of these crabs
and associated fauna.

Juvenile geryonid crabs rarely appear in samples, and then
mostly from deeper collections. This pattern led previous authors
to hypothesize that settlement occurs deep on the continental slope
with subsequent up-slope migration during ontogeny. As noted by
A. Hines, one alternative hypothesis is that settlement occurs
across the slope followed by higher natural mortality of juveniles
(e.g., from predation) at shallower depths. Another possibility,
derived from comments by W. Van Heukelem concerning juvenile growth
rates at different temperatures, is that crabs which settle into
deeper zones are locked into juvenile size classes for ma—y more
years and are, therefore, more likely to appear in samples, given
low recruitment rates and markedly different growth rates across
the bathymetric range of a species. What are the settlement
patterns of geryonid crabs with respect to depth? What are the
subsequent development and mortality rates, and how do they vary
across depths? :

Similarly, if larval transport by surface currents as proposed
by Kelly et al., R. Smith, and Lindberg et al. is confirmed, to
what extent should we expect settlement to be concentrated
geographically or with respect to hydrographic features?

In general, growth rates (increments and molt frequencies) and
age at first reproduction are poorly known for geryonid crabs.
Accurate, detailed molt staging should be incorporated into. future
sampling regimes, while controlled laboratory experiments to test
effects of ecological variables are particularly desirable.

A terminal molt with mating in the h -d condition was suggested
by G. Hinsch based on histological analyses, but this was countered
by R. Smith, ‘R. Erdman et al., -and H. ‘Perry et al. with field data
and direct observations of captive pairs. As noted by A. Hines,
resolution of such questions is possible with careful attention to
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detail, e.g. the occurrence of limb buds on ovigerous or postQ
spawning £ emales.

) At the population level, C. fenneri exhibits an seasonal
reproductive cycle, (. ‘paritae year-round reproduction, and g¢.
i e a protracted seasonal to continuous reproduction

perhaps dependent on geographic location. Why should some geryonid
species or populations show circannual periodicity while others do
not? Regardless of cyclic or acyclic reproduction, only a low
percentage of females are ovigerous, or pre- or post-molt at any
given time, suggesting that individual reproduction is not
necessarily annual. R. Erdman and N. Blake hypothesized a biennual
reproductive cycle for individual female C. fenneri, while A. Hines
~ suggested reproduction on an annual cycle or longer contingent on
adequate energy reserves. Comparative studies and experimentation
are needed to resolve guestions of this basic life history trait.

R. Elner et al. and H. Perry et al. reported that copulation
and mate quarding lasted many weeks for C. guinquedens and C.
fenneri, respectively. When combined with a potentially low
incidence of receptive females, this indicates extreme levels of
intrasexual competition among males for mating opportunities.
Lindberg et al. inferred seascnal shifts in the bathymetric ranges
of male and female C. fenneri, and that large males carried mated
females downslope to strata with low population densities to avoid
competing males and minimize disturbance during mating. Seasonal
movements, encounter rates among potential mates and competitors,
movement by mated pairs, and takeover attempts all need to be
documented to test geryonid mating strategies. '

Geryonid species apparently differ in habitat preferences, with
consequences to overall ecological comparisons and linkages to
physical processes. The red crabs C. paritae and C. guingquedens
have been found exclusively on soft bottoms, while Lindberg et al.
and Wenner et al. reported greatest densities of golden crab, C.
fenneri, from hard bottom habitat. R. Manning noted differences
in leg dactyl structure consistent with weight distribution on soft
bottom versus climbing ability on hard bottom topography. R. Henry
et al. found that C. guinquedens were slightly more tolerant to
hypoxia than C. fenneri. Whitlatch et al. attributed substantial
bioturbation of soft bottom to the activities of C. guinquedens.
Basic ecological gquestions concerning physioclogical ecology,
refuges and foraging habits, trophic dynamics and community
relationships remain largely unanswered. Given the predominance
of geryonid crabs on the upper continental slope, resclution of
these questions should illuminate much about general slope ecology.
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Related to foraging habits of these crabs, trapping efforts have
been successful despite low population densities revealed through
submersible transects. Geryonids apparently exhibit particularly
keen chemosensory and orientational capabilities, and great
motility. This and habitat relationships raise guestions about
home ranging versus nomadism among species, and the relative
importance of bonanza food falls versus benthic predator-prey
relationships. The practical consequences of such dguestions
concern effective areas fished by traps and the resiliency of
fishing grounds to persistent fishing pressure.

The questions above pertain mostly to life history strategies
and fundamentals of geryonid ecology. In part, this reflects
interests ©of the workshop organizers, many participants, and

fisheries interests. Equally valid, however, are gquestions of
pasic physiclogy of deep-welling organisms, biogeography and
systematics, or parasitology and symbiosis. Regardless of

discipline, the recent systematic revisions within Geryonidae by
R. Manning and Holthius reveal taxa ripe for comparative studies.

Industry needs for harvesting, processing and marketing
information have been addressed with modest research not thoroughly
covered in this workshop. Nevertheless, these areas, plus basic
economic considerations, could and perhaps should be compiled with
existing bioclogical data into a draft fisheries management plan for
Geryonid fisheries of the southeastern United States.
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IN SITU ESTIMATES OF DENSITY OF GOLDEN CRAB.
CHACEON FENNER!. FROM HABITATS ON THE
CONTINENTAL SLOPE, SOUTHEASTERN U.S.

E. L Wenner and C 4. Barans

ABSTRACT

Otwservauons oa deanty asd hatuiat of goiden crab, Chacron fennen:. were made from »
slong 835 m gepuhs of 389-367 m 122 am of
Chertesion. South Caroling. Addilons) ODSCTVANONS On Kabitsl were made on 16 iranarcis
that cromed sobaths triween 293-317 M. Seven haditsl iypes were wenuhed Sunng divey
8 fai loramusiferon cose habetsl 1403-367 m). corsl Mmounds (303-333 M) nppie habuuat
€320-539 mk Gunes (399472 m): biack prbbic Rabeiat (446-364 ), low omcTop 1460312
;i and sofi-beoturhaind hebetat (29)=475 m). A wouwl of 109 C. fenner: were nghied withan
the $8).480 =’ of botiom surveyed. Denasly {mesa 8o, - 1 000 m ) wus upnibeanily gifieremt
mmmmunﬁ-nm-ﬁ-—.‘“hu“m
‘e-’mmm'-m‘-:»m«@.l-l“u').vﬁhmbm
-m-m-mm.u-om-l.wom-').mb-mm,o wdiv.-he*) of goien crad
5 the Sudy ares compared 1o estimetes of red creb deamity (238-282 mdhv.-ha"') off sosthern
NnEm-n-mhnp&nmhmunyhmm.-“dM
mh.m'd‘ummu-nn-—d“—”hn'iﬂ-—m-)w-d
Charicsion was esumand 10 be $.000-6.000 aduh crabs. ’
Goo ~1$0P

1 The golden crab, Chaceon fenneri, is an inhabiant of the wul slope at
depths of 275-915 m in the Florida Straits, Gulf of Mezxico, and off the eastern
United States (Manning and Holthuis, 1984, 1989; Wenner e1 al, 1987) and has
been reponed at depths of 786-1,462 m near Bermuda (Luckhurst, 1986). Most
of the information on this species 10 daie has been gicaned from trap cawches
cither through exploratory research (Orwell et al.. 1984; Wenner et al., 1987) or
commercial fishing efions (Manning and Holthuis, 1984; Hinsch, 1988; Luck-
hurst, 1986).

Although these effons have provided some information on the Jife history and
distribution of the species. much remains to be learned about the relationship
between habitat and abundance of C. fenneri. Informauon on sediment compo-

sion taken coincid Hy with pping activiuics ind d 10 Wenner et al.
(1987) thai sbundance of golden crab was infl d by sed type. Thewr
catches were highest on sub . g & mixture of sili-clay and forami-
niferan shell. At depths > 550 m. large coral ds were d, and traps

sct at that depth were regularly lost or retneved with no crabs. In contrast, the
largesi caiches in the Gull of Mexico were from cobble. rock PPings and
vertical rock walis (W. Lindberg. University of Flonda. 1987, pers. comm.). The
purpose of this siudy is 10 provide informstion on habitat types and densities of
solden crab from submersible observations in the South Atlantic Bight. Estimates
of the densities of adult crabs and the areas of esch habitat type were expanded
to esimate population sizes for habisis. .

MeTHODS
lnmuohrnmlmondmmyndMhulolpmnmbmmmmﬁmdlk

Joumson Sea Liwn 11 v August 198¢; 12 dives from 30 Juiy=) August 1987 aad four dives m
November 1988. An sres of the upper conuncental slope beiween ) I°30°'N-3T03'N sad 78°35°We
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Figure 1. Location of submersibic dives in the South Atlantic Bight. Lines depict submersibie tran-
secis.

. South Carolina, was divided into three equal
79°15'W, approsimaiely 122 km southeast ol‘(‘mm:slonws':nr= e 108t b,

:Td(:;s’::rl:nom nud'::::;::u were made slong §3 transects in depths of 389-367 m duning 1986

{ most dives was randomly chosen i1n Lhe areas
1987 (Table 1). Location of the firsi transect of mo ' ;
:::wn in Figure 1, and subsequent transects on 8 paniicular dive were a contimustion of or were

Siope of the Southeastern U.S.
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Tabic ). Summary of counts of golden crab and habdiat 1ypes encountered on submeruble transects
(CM = conl mounds: BP = biack pebbies: DU = duney, FO = fiat oore; LO = low ouicrop: Rt =
nppies. SB = soll-biowirbated)

Degn T we ot vabunt
e T rossery -y -n e ) Lo 0
1885 01-05 413414 30.521 3 S8
1836 06-11 472-415 . 36874 7 SB
1357 12-18 321-585 65.179 16 BP.FO.CM
1430 0)-06 517-538 33.950 4 FO.RI.CM
1431 07-11 $)6-567 33.091 1 FO, BP.CM
1432 12-15 405403 25.929 2 FO
1433 16-21 44)-452 45.228 ? FO
1434 22-26 497-321 40.408 11 FO
1438 27-32 481-512 35484 16 LO. pP
1436 3336 $H-539 21.483 s ™
1437 3743 419461 33458 2 FO. R1
1438 4646 3854t 18.543 | DU
1439 49-54 503-534 47.09% 12 CM. BP, FO
1440 55-62 S14-354 43.347 0 CM
1441 63-69 462467 4378 o Ri
1690° 01-04 490-517 CM. BP
1691 03-08 436540 FO.LO
1692¢ 09-12 293481 . RL DU, SB
1693 13-16 320-500 BP. Rl, DU. SB

* Crom matew holnis: guasnimeues onhy

and Ross, 1986). Sub ib HTY and lengihs were determined from LORAN C co-
while b isibility was twace the rachus (~9.) m) of the bighied arc of botiom as
seen by the forward obscrver several meiers above the botiom.

The population size of adult crebs was estimated for sn ares ng the and
deepest observaiions in esch ares by 4 km along the c b P size of this area
was esumated from eapansions of mean crab density from cach habual type 10 the proponion of
habstat 1ypes among cross isobath or tn survey

ResuLrs

parailel 10 the frst. in 1988, were quantified along 16 that crossed “r""“""::""""m Thermal Environment. —Water temp cs diffcred considerably beiween crab
293-540 m (Fig. 1). The beg p was sch e i m;:.":y;,":w ing operations in August 1986 and July 1987. Composite profiles of water
wn 1986 snd 1987. Data from 1938 transects were uscd only 1o ) peratures ¢ ucted from routine dive data, showed separate trends
their proporiion across isabaths. i y. with and minimal botiom water temperatures (Fig. 2). Temperatures of water at the

Pnor 10 transects on 1986 and 1987 dives. the

i the
{ n od and deier of by on
';'1';’3 ;_':::o:;::' :):;: — .m:::gv:n the submersible proceeded slong the transect

1n the direction of the current, and counts of C. /;:n:::m mv:::d' "Cl)n th'e.::yl :;le olv::m: :v::
1986. three -min 5131)0Nary Counts were M med: !
:':auon penod and sfier each wranseci. Because l': same t‘:::d‘::':nnnudl::;.l:cm:::‘:o‘::
s afier each transcct. these counts were abandoned on v order

:::.Sl:‘rve‘y transects were ~ 15 min in duration. €1CEPT when there was 2 major change i habial
type. Distance traversed dunng transects ranged from 188-522 m, with three mn::": u-.n:::
compicied per dive. Transects from the 1938 drves conm:ed.runul ;m:;ov::;:: ':me' ::m‘::r:luul

bie" iwon was determined. Time. depth, y
- 'hl:‘h "":-'-h;-::m I"y :f’l :n“lm.“, mounied current meter, habilal characienisiicy. tolopaal
Sbmereation: iblc were d at the end of each transect for all dives.
a1 the beginning and end of each transcct and when bottom

observauions, snd 8 of the

Sed: was by a grab
ha .

“pvtu’ine;’n::'::d J';!:vdm still photographs were used 10 document changes in habitat and 1opography.

Observations were simul ly recorded on aud snd on and both were used 1o

E of density were

the number of individuais of golden crab
::’l:’r:nm:d for the area of each transect, which was defined as the product of the transect distance

and the honzontal visibility, ss d by a palot with previous measurements {Parker

- Draft Golden Crab SAFE Report

botiom ranged from 13° to 15.5°C in 1987 and were near 7°C for all three dives
in 1986. All temperatures in 1987 were warmer than those recorded at similar
depths in 1986. .Although temperatures in 1987 appearcd more vanable than
those in 1986, they represenied a larger number of samples distinibuted over a
greater area of the slope and depth range than in 1986. Temperatures within the
water column swabilized below about 300 m in 1986 and below about 400 m in
1987.

-Description of Habiiats. — The three areas surveycd duning submersible operations

in 1986 and 1987 were categonized into seven habitat types (Fig. 3). The flai-ooze
habitat was the most frequently encountered habitat dug Ing dives,
oceurring ST O<piE Trom 405447 1 I 28% of 1he Acamses sy ek 1SS
31% ol the surveyed arga. Although this habitat was somewhat vanable 1n sed-
iment composition, the flat ooze was genenally characienized by foraminifera-
pteropod debris mixed with larger shell fragments. Much of the sediment surface
in the Aat-ooze habitat had dark black precipitate, probably phosphorite, accu-
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Figure 2. Temperature-depth profile for 1986 and 1987 submersible dives.

* jike streaks (Fig. 3A), which suggested that some fine

mulated in “‘windrow was 1.9-2.8 km-

sediment 1ransport was occurring. A nonherly current velocit

- - L
" qugrcl‘h fng:;g:zer?:g‘: of dead coral, were encountered at depths of 503~
555 m an i 20% of the bottom surve ed O cLabs. Coral
mounds rosc approximately 15-23 m 1n eight abpve the surropndmg sea floor
and included several that were thinly venecred with a fine sediment and dead
coral fragments, as well asa number that were thickly encrus}ed with live branching
aher) ic corals (Lophelia prolifera and Enallopsammm profunda) (Fig. ).
Fan-shaped sponges, pennatulids and crinoids were oriented into ll-!e ponhcrly
1.4-1.9 km-h-' current. The decapod crusiaceans _Ba!hynecles long:spma. Het-
erocarpus ensifer and Eumunida picia, the blgck—bcllled roscfish, Hell;oltnu: ;iac-
tvlopterus, and the wreckfish, Polyprion americanus, were frequently sighted along

in the coral mound habitat. -

lrasnes::::l :Hh‘: habitat types were characterized by cgrrcm-gcncralcd structures
such as ripples. scour marks, depressions and dunes with steep berms. The ripple
habitat at depths 0f 419-539 m was encountered in Over 19% of the area surveyed
in 1986 and 1987. This habitat was characterized by sediments ol coarse pleropod-

ked with black precipitate, asymmetric ripple marks,

fol iferan fragi A
culrrem crescents and occasional depressions of 1~2 m depths (Fig. 3C). The dune
10 occurred from depths of 389 10 41 onst. % of

the 1otal a ed. Dunes we 5 m in height, with strongly rippied slopes
Mm the southward sides and tops, and smooth steep scarps on

£
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the northward (leeward) sides (Fig. 3D). Organic debris and refuse were frequently
sighted in the lee of dunes and in scoured depressions of the rippled habitat.
Current velocities in the rippled and dune habitats were 1.9-2.8 km-h-' from
190°-220".

The black pcbble habiiat occurred at depths of 48 1-564 m and was encountered
over botto an . m sediments were
pnmarily globigerina ooze over which small, rough-textured, black pebbles of
phosphorite were uniformly scatiered (Fig. 3E). Pebbies occasionally graded into
larger rocks (~ 15 cm) which frequently had live white coral attached. The black
pecbble habitat was observed most commonly near or between coral mounds, or
in association with less common, low outcrops (Tabie 2).

The low out abitat occurred at depths 0 d_consti 3%

the surve: areg i This habitat consisted of relatively fiat
globigerina ooze through which black pebbles and low-relief (10-30 cm), slab-
like rocks were scatiered. Many of the exposed rocks were undercut by currents
and bioerosion with occasional invertebrates, including coral, atiached 10 the flat
top surfaces (Fig. 3F). Polyprion americanus, Helicolenus dactyviopterus, and the
decapod cr E| ida picta and Cancer borealis. were common in this
habitat. Current velocities ranged from 1.4-1.6 km-h~* from 190°-220".

The sof)-biowu| i ives only in 1986
at depths from 413-475 m. This habitat was characterized by soft ¥

green globigenna ooze and extensive bioturbation in the form of worm tubes,
shallow depressions, mounds and burrows of benthic organisms (Fig. 3G). The

&ﬂﬂw&dﬁ@mjmmw the 101al area surveyed. The nonh-
erly current of this habitat was of low velocity (0.4-0.6 km-h-*).

Density Estimates. —A towal of 109 Chaceon fenneri were sighied over 583,480 m?
of botiom surveyed on 85 submersible transects in 1986 and 1987 (Table 1).
When transects were classified by habitat type, 27% of the golden crabs occurred
in the flat-ooze habitat which comprised 31% of the total area surveyed. The flat-
ooze habitat and the rippled habitat together accounted for 48% of the golden
crab sighted and 50% of the botiom arca surveyed (Fig. 4).

Density (mean no- 1,000 m~2) was significantly diffcrent among habitais (Table
3) with highest values (0.7-1,000 m~?) noted among low outcrops which consti-
tuted only 3% of the bottom surveyed (Fig. 4). Lowest densities were associated
with the dune habitat (<0.1-1,000 m-?) while densities for other habitats were
similar (0.15-0.22-1,000 m-?). Analysis of variance for mean density among four
50-m depth-intervals found no significant diffcrence (Table 4).

Population Estimates. — Estimates of the densities of adult crabs and the areas of
each habitat type were expanded to determine population size within a 4 km arca
(along isobaths) bounded by the depth extremes of visual habitat confirmations
(across isobaths) during all three dive years. The estimated crab populations for
sampled sites were similar (Table 5), although estimates from Arca A were smaller
duc to a lack of daia from habitats shallower than 400 m. The two habiats
associated with hard substrates, coral mound and black pebbie habitats, suppon
greater crab populations in Arcas A (40% of the arca’s total population) and C
(42%) than in Area B (27%). Estimates of crab populations from the combination
of soft_habilats, sofi-bioturbated and flat ooze were spatially variable and ranged
from 12% (Arca C) 10 62% (Arca B). The habitat type of highest mean crab density,
low outcrop, supporied fewest number of crabs in Areas A and B where this
habitat was infrequently encountercd. The low outcrop habitat contributed greatly
tothe estimate in Area C, where it represented 10% of the expanded arca. Esti
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3. Habiat types identifed during submersible operations: A) Flat 0oze — Flal globigerina ooze,

y with of black p Rippic marks are occasionally seen. Crab shown is
 borealts. B) Coral mounds— Raiscd areas of hard boitom with dead coral and paichy live conl
ehia prolifera and Enall prafunda). C) Rippled—Glob ooze with rippies and
onal I-2 m i and black p

¢ crab population from habitats of high current velocity, dune and rippled,
:sented less than 13% of the total crab abundance in any area.

DISCUSSION

situ observations of Chaceon fenneri revealed lhg! their abundance on the
nental slope in the South Atlantic Bight differed with respect to bottom type.
nfluence of botiom type on abundance was sugggslgd by Wenn‘cr etal. (I9§1).
informaition en sediment composition 1aken con_nudcn!ally with trap fishing
ities. Catches were highest on substrates containing a mixture ofs:ll-clay qnd
riniferan shell; however, no golden crab were collecleq with Ilmucd_tnppmg
ss from low outcrop or coral rubble botiom. Submersible obscrvanon§ con-
d low density of golden crab on coral mounds but show;d that I{lghesl
ties occurred in areas with low outcrops of rock where trapping was difficult
Mten unsuccessful. Because the flat ooze and rippled habitats accounted for
(50%) of the bottom surveyed. counts ofcnbs)wcre high s for these hab

ity, however, was low in the flat ooze and npgled habnal§ apd was com-
ie 10 that calculated in the coral mounds. While an association with soft
rates has been noted for red crab, C. quinquedgm (nglcy et ‘!", l9j$), C.
ri appeared to occur on soft and hard bottom, with highest densities in areas

Draft Golden Crab SAFE Report

Figure 3 Continued. D) Dunes— Rolling dunes of globigerina coze with heavily rippled up-current

sides and smooth, sharply dropping down-current sides. E) Black pebbies— Pebbies resembling coal

“clinkers” scattered over flat, globigerina ooze. F) Low outcrops — Intermitient rocks. black pebbles,

and low reliel ledges 10 which solitary corals are atiached. Globigenina 6oze occurs between rock
G) Sof-bi d — Globigerina ooze with smail i and many ically

worm tubes. Crab shown is Chaceon fenneri.

with low outcrops. High densities in areas that are difficult to trap may represent
cither a habitat preference, possibly because of increased foraging opportunitics
provided by a more diverse epifaunal and infaunal invertebrate community, or
may simply be a result of decreased fishing monality. A preference of C. fenneri
for hard bottom habitais was reporied in the Guif of Mexico, where higher trap
caiches and densities of golden crab were noted from cobble, rock oulcroppings,
and vertical rock walls (W. Lindberg, University of Florida, 1987, pers. comm.).

The ext suitable habitat for i outh Atiantic Bight can

be estimaied by comparing similarities between the habitat types identificd in our
study area and those reported further south. From Cape Fcar, North Carolina to
Savannah. Geargia botiom topography between 270 and 450 m is highly vaniabic,
with rocky outcrops, sand and mud ooze present (Low and Ulrich, 1983). Surveys
by Bullis and Rathjen (1959) indicated that green_ mud occurred consistently at
270450 m ween S1. Apgustine and Cape Canaveral, Florida (30°N 10 28°N).
Those authors aiso characterized this same dcpth range as extremely irregular
bottom with some smooth limestone or “slab™ rock present.

Decep-water coral banks arc not uncommon on the Florida-Hatieras slope (Za-
rudzki and Uchupi, 1968), where the major coral species include Enallopsammia
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Taoic 2. Presence of habitat 1ypes within depth sntervals of areas sampied (1986-1988). (CM = coral

ds; BP = black DU = dunes; FO = flat ooze; LO = low outcrop; Ri = ripples; SB =
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sofi-bioturbated)

Area

Derpah zomes (m) A » t
300-32% SB DN
326-350 sB SB.Ri
351-378 SB SB
376400 SB SB
401425 SB S8, FO DU, RI
426450 SB. FO DU, RI
451475 SB DU, RI FO, BP
476500 DU. FO BP
501-525 FO, RI,CM FO, BP,CM BP,LO
526-550 FO. BP,CM FO,LO,CM cM*
551-57$ FO, BP,CM
576600 FO. BP.CM

* Transecis aass pven ares.

profunda and Lophelia prolifera (Caims, 1979; Caims and Sianley, 1981). Neu-
mann a all (1970) descri iami as muddy-sand ridges,
12-15 m in height, that were topped by thickets of the branching deepwater
ahermatypic corals Lophelia, Madrepora and Dendrophyllia. These coral mounds
were found at depths of 719-825 m on Mmm%_ Terrace
mm 'm on the lower slope north o Little
Bahama Bank (Mullins et al.. 1981}, and from 600 10 700 m along the base of
Littie Bahama Bank and out into the northeastern Straits of Florida (Neumann
et al., 1977). Coral mounds in those arcas were considerably deeper than those
that we observed and had smaller patches of living coral.

Exposed bedrock several cm to 15 m in height, with a cap of hard black rock,
exists between depths of 457-719 m off Florida (Neumann and Ball, 1970). The
low relief outcrops we observed, however, occurred in a more limited depth range
(466~512 m), and no high relief structures were found. At depths of 457652 m,
Neumann and Ball (1970) noted that smooth black nodules the size of “stove
coal" litiered the substrate. This feature is comparable to our black pebble habitat
in a similar depth range. The dune habitat seen between 389 and 472 m on our
transects consisted of structures that were higher than, and oriented in the opposite
direction 10, the southward facing 0.3~1 m sand ridges described at depths of 550
600 m off Miami by Neumann and Ball (1970). Current lineations in the form
of ripple marks, scours, and crescents were observed from 600 to 661 m, while
north-south sireaking similar to that which we observed was frequently noted
from 680 10 825 m by Neumann and Ball (1970). In addition 10 the differences
in depth between their study area and our ripple habitat, the southerly flow along
the slope of the Miami Terrace noted by those authors was opposite to that which
we observed.

The deeper distribution of habitat types off Miami, as compared to depths for
the corresponding type oflf South Carolina, suggests that the depth distribution of
golden crab may change with latitude. Although Neumann and Ball (1970) saw
numerous large crabs, tentatively identified as Chaceon, in shallow elongate trenches
along their transects (457-719 m on the. Miami Terrace), commercial trapping
orts off southeast Florida are generally concentrated at shallower depths

240 m; W. lundbergh, University of Florida, y ~comm.). No information
2.0 ormanon
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Figure 4. Density of golden crab among seven habitat types surveyed by submersible.

is available.on bottom tvpg in this region, but the continental siope is steep and
mmmnmmmm;wgg%w
prominences reporicd by Avent et al. {1977). At comparable depths in our siudy
Siles, Lc.alches were dominated by jonah crab, Cancer borealts (Wenner and Ulrich,
pu .). The abundance of golden crab at shallower depths off southeastern
FIorlfla may be somewhat anomalous and needs further study 10 ascertain the
physical and biological factors affecting distribution of golden crab there.

The deqsﬁly of golden crabs calculated from in situ counts along our transccts
was surprisingly Iovy compared to vaiues reported in the litcrature for red crab,
C. quinquedens. Using photographic methods to estimate density, Wigley et al.
{I975) determined that the density of red crab could be as high as 258-282-ha-!
in 329—640 m depths off southern New England. The much iower density (1.9
individuals-ha"') of golden crab in our study arca suggests that golden crab stocks
may be subsiantially lower than those of red crab.

le_le 3. Analysis of variance comparing densities (No.- 1,000 m-? of Chaceon Jenner; among seven
habitats. Vanances were homogencous by Bartlelt’s test {x* = 10.0, » > 0.05)

Source of vananon of MS F r
Habiu 6 0.149 2.52 0.0
Ervor 78 0.059
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i i i ities (No.- 1,000 m-?) of Chaceon fenneri among
Table 4. Analysis of varisnce comparing mesn densities : )
Sl;m depth imey:nls. Vanances were honogeneous by Bartlett’s lt.!l {x*= 2.16, P > 0.05)

Source Yy .8 N af MS F r

Depth Intervals (m) , 0005 0o -
<400450 0.19 0.05 21
451-500 0.16 0.04 20
501550 0.20 0.05 3_7'
.09
sm?l_‘w o1 0 . 8! 0.066
The_crab populatians jn small areas of 26-29 kmi between 300-500 m depths

was estimated beiwee crabs. These estimates
:::?::?:slg,:er:han ihe lighest population estimate (~22,400-km-? for a 37.34
km? area in 360-540 m) derived from a trap survey of C. gumqucden: on the
Scotian shelf by Stone and Bailey (1 980). The largest proportion of the estimated
golden crab population came from the ﬂn[-oozc habiat in nonh.cm _Arca A, in
the sofi-bioturbated habitat in Area B and in the low outcrop habitat in southern
Area C. These apparent spalial differences in crab abundange by habitat typc may
reficct our inability 10 measure comparable g!eplhs and habitat 1ypes among areas
due 10 limited dive time or inaccurate l:slulma.tcsb;a‘rh ;hc proportion of habitats
rallel to isol 3
bca::: ::cr:;);el:nscc v lh;(l‘ mw:reLpa I bund of C. fenneri would result
from the incorporation of improvements into future studies. lmproyements gould
include: (1) application of recent counting, mcasurement and analytical .lcchlplques
into the sampling design, and (2) improvcd.and unintcrrupted quantification of
the distribution of each habitat 1ype across isobaths.

Application of correction factors, which can be calculated frqm measurements
of right angle distances or visual zones (Patil el.al.. 1979; Quu'm apd Gallucci,
1980), may improve accuracy of visual counts which dccreases with distance frqm
the observer, i.c., the strip width of Salc and Sharp (1983). Oncc corrected densities

Tabie 5. Estimates of Chaceon fenneri abundance and percent of the area’s total population by
habitay 1ype

N Haboats
FO [ [ o BF () S8 Tout
Arca A R
Area(m? x|0%) 8.5 0.8 1.9 0.5 73 - 4.1 ﬁ;
Abundance (x10°) 13.6 1.2 6 0.2 16.0 - ;'6 99.9
% of area’s populstion 31.7 2.7 83 0.4 37.2 - 19. 3
Area B
Area (m? x 10°) 6.0 7.7 1.4 0.7 0.9 0.3 1.8 288
Abundance (x10%) 9.7 1.6 2.6 (1%} 2.0 2.2 21.2 "4’38
% of area’s population 19.5 234 53 0.6 40 44 42.8 X
Area C
2 - 7.8 3.2 3.2 5.7 2.7 39 26.5
:xn‘d’:m; :?:O') - 1.7 6.1 1.3 12.6 188 71 5716
% of area’s population - 204 10.6 2.2 219 326 123 100.0
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are stratified (by habitat), an optimal stratified-random pling design should
be developed based on the proportion of habiat arca and the variance associated
with mean densities as was done by McCormick and Choat (1987). B

An efficient method to obtain estimates of the proportional size of each habitat
typc within an area. espccially in depth-related habitats, may be to conduct visual
\ransccts across (perpendicular 10) the isobaths of the given area as was attempted
in 1988 of this study. Additional submersible time would be required 1o assurc
that all necessary are obuained, including esti of sub sible
drift during descent in strong currents. Quantified habitat/spatial relationships
could then be applied to the optimum sampling design and extrapolation of density
values to more accurate esti I d

of ab b o
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DIFFERENTIAL ALGAL CONSUMPTION BY THREE SPECIES OF
FISSURELLA (MOLLUSCA: GASTROPODA) AT
ISLA DE MARGARITA, VENEZUELA

Craig J. Franz

ABSTRACT

Visual observations and gut analyses were used 10 determine types of food ngesied by
Fi I bosa (Li 1758). F. nodosa (Born, 1778), snd F. barbadensis (Gmehn,
1791) a1 Isia de Margarita, V Although these animals have s wide vanely of algal
sources from which 10 select and on which they appear to feed in an opponunisuc fashion,
specific food preferences exist. Fissurella nodosa prefers encrusting microalgae and disioms;
F. nimbosa ingests laminar sheets of predominantly brown algae; F. barbadensis feeds on a
wide vaniety of algae but ofien selecis conilline algae of which it ingests entire branches. In
zones of overiap, it is h that ition for food among Fissurella species is

| due 1o hrough food prefe Yy
that all three congeners can ingest a greater variety of aigal types than they normslly consume
in the field. Di ial food ion indi ifi more niche per-

tilioning among tropical intenidal Fissurella than was previously known.

Studies of comparative feeding among congeneric predators may provide insight
into the manner by which organisms partition their environment. This partitioning
may be achieved through spatial segregation, temporal allocation, or dietary pref-
erence. In siluations of spatial overlap and temporal feeding similarity, a unique
opponunity exists to evaluate the way in which food prefe may help blish
an individual's niche. In these circumstances, dietary siudies of co-occurring
congeners provides information concerning the partitioning of community food
resources.

Many prosobranch groups utilize benthic aigae as a food source (Fretter and
Graham, 1962; Sutherland, 1970; Lubchenco, 1978; Underwood, 1980; Bosman
and Hockey, 1988). Although competition and physical factors may regulate the
vertical distribution of algae in the intertidal zone, grazing may be equally im-
poriant (Hawkins and Hartnoll, 1983). Most limpets are classified as generalist
feeders which utilize available microfiora and detritus (Graham, 1955; Purchon,
1968; Branch, 1981); neverthel some limpets eat macroaigae (Eaton, 1968;
Goss-Custard etal., 1979). Feeding preferences of limpets may differ considerably,
and these differences can exist even among s. For ple, Lottia (=Ac-
maca) limatula Carpenter, 1864 lceds mostly on the encrusting red and coralline
algac Mildenbrandia, Pe. llia, Lithophylium and Lithothamnion (Eaton, 1968),
whereas a sympatric congener, Lottia (=Acmaea) pelta Rathke, 1833, feeds on
numerous macroscopic frond algae such as Rhodoglossum affine Harvey, Pelveua
Jastigata J. Agardh and Egregia menzicsii Turner (Craig, 1968).

Only a few studies have included the feeding habits of species in the genus
Fissurella Bruguidre, 1789; existing information for this group is incompiete and
confusing. Kohn (1983) stated that fissurellids arc mainly predators which graze
on sessile invertebrates. However, Ward (1966) found that F. barbadensis in
Barbados commonly ingests cyanobacieria [blue-green algae], including Lyngbya,
Oscillatoria, Phormidium and Anacystis, and green algae such as Chlorochytrium,
Ulothrix, Cladophora and Precursaria. Castilla (198 1) reported that several species
of Chilean Fissurella feed on benthic algae, but did not identify these algae. One
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Appendix N. Exploration for Golden Crab, Gervon fenneri, in the South Atlantic Bight: Distribution. Population
Structure and Gear Assessment

Appendix N. Exploration for Golder; Crab, Geryon fenneri, in the South Atlantic Bight:
Distribution, Population Structure and Gear Assessment (1987)

EXPLORATION FOR GOLDEN CRAB, GERYON FENNERI, IN
THE SOUTH ATLANTIC BIGHT: DISTRIBGTION; POPULATION
STRUCTURE, AND GEAR ASSESSMENT?

ELizaBeTH L. WENNER.? GLENN F. ULRICH,? AND
JOHN B. Wisg?

ABSTRACT

Exploratory trapping for golden crab, Geryon fenneri, was conducted from 5 August 1985 to 21
February 1986 off South Carolina and Georgia. A buoyed system with strings of six traps (three
side-entry Fathoms Plus and three top-entry Florida traps) was fished in six depth strata: 274-366 m.
367-457 m. 458-549 m, 550-640 m, 641-732 m, and 733-823 m. A total of 3,152 G. fenneri (2.661.9 kg
were collected at sampled depths between 296 and 810 m. The only other numerically important
species caught was the jonah crab, Cancer borealis (864 individuals, 227.5 kg).

Catchies of golden crab were highly variable between strata. Catch per trap increased from 1.6
crabs (;.67 kg) in the shallowest stratum sampled to a maximum abundance of 22.3 crabs/trap (18.04
kg/trap) in the 458-549 m depth zone. Catches abruptly declined in the deeper strata sampled.

Number of golden crab per trap (1.7:1) and weight per trap (1.6:1) in the Florida trap exceeded
that in the Fathoms Plus trap for all completed sets. Traps yielded golden crab as small as 85 mm cw
but the greatest proportion of crabs was >100 mm CW. Gver 90% of all individuals exceeded 114 mm
CW which is the minimum size of red crab, G. quinquedens , accepted for commercial utilization. Male

golden crab were more numerous and larger than females.

Crabs of the genus Geryon (Brachyura: Gery-
onidae) are deepwater inhabitants of the At.-
lantic, Indian, and Pacific Oceans (Rathbun 1937;
Monod 1956; Christiansen 1969; Manning and
Holthuis 1981). Species reported off the United
States in the western Atlantic and Gulf of Mexico

" include the red crab, G. quinquedens Smith, and

the golden crab, G. fenneri Manning and
Holthuis. At the time G. fenneri was described
(Manning and Holthuis 1984), its geographic and
bathymetric distribution included the continen-
tal slope off eastern Florida, the Florida Straits,
and the Gulf of Mexico. An exploratory fishing
effort in 1984 collected the first known specimens
of golden crab off South Carolina, and it is now
known that golden crab occur in waters off
Bermuda (Luckhurst in press).

Both G. quinquedens and G. fenneri have been

1Contribution No. 232. South Carolina Marine Resources

Center. Marine Resources Research Institute. )

2Marine Resources Research Institute. South Carolina
Wildlife and Marine Resources Department, P.O. Box 12559,
Charieston, SC 29412.

*30fTice of Fisheries Management, South Carolina Wildlife
and Marine Resources Department, P.O. Box 12559,
Charleston. SC 29412.

4South Carolina- Wildlife and Marine Resources Department,
unpubl. data. courtesy Charles Wenner, Marine Resources Re-
search Institute, Charleston, SC.
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the target of limited and sporadic commercial
fishing efforts off the east coast of the United
States (Gerrior 1981), in the Gulf of Mexico.
(Otwell et al. 1984; National Marine Fisheries
Service 1986°), and off Bermuda (Luckhurst in
press). Although much information is available
concerning the biology and commercial fishery of
red crab (summarized by Gerrior 1981}, biological
information on golden crab is more limited.
Otwell et al. (1984) demonstrated exploratory
trapping and processing techniques for golden
crab from the Gulf of Mexico.

The initiation of a small commercial crabbing
enterprise during 1984 in South Carolina yielded
promising quantities of golden crabb. We began
the present study to determine the fishery poten-
tial, compare trap designs, delineate bathymetric
distribution, and describe the biology of golden
crab in the South Atlantic Bight. This report doc-
uments results on catch rates, size and sex compo-

5National Marine Fisheries Service. 1986. Species profile:
deep red crab, Gervon quinquedens, Smith and golden crab,
Gervon fenneri, Manning and Holthius, 1984 from the south-
eastern U.S. south of Cape Hatteras, N.C. U.S. Dep. Commer.
Natl. Mar. Fish. Serv., NOAA. Pascagoula Lab., Latent Resour.
Rep., 17 p.

6H. Holley, commercial fisherman, Charleston, SC, pers. com-
mun. 1985.
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sition of G. fenneri as a function of depth and trap
type, and examines aspects of adult life history
. and reproductive biology of this Species in the
South Atlantic Bight. '

METHODS

Cruises were made during the period from 20
June 1985 to 21 February 1986 on board the
South Carolina Wildlife and Marine Resources
Department (SCWMRD) research vessels Oregon
and Lady Lisa,, and the NOAA ship Chapman. All
vessels were equipped with large capacity hy-
draulic systems and a heavy duty pot hauler.

Two commercially available trap designs were
used to sample crabs. The Fathoms Plus’ traps
are oval (85 cm long x 66 cm wide X 30 cm high)
and constructed of injection molded plastic. The
trap has two side-entry funnels that can be en-
larged by removing more of the plastic funnel's
inner lip. The original, oval funnel opening is 10
cm X 20 cm. Both funnels were cut out to a maxi-
mum opening size of 14 cm X 22 cm. Traps were
weighted with chain, making the total weight of
each trap 11 kg. The Florida trap is an injection
molded, high-impact plastic version of a Florida
spiny lobster trap (82 cm long x 61 cm wide X 45
cm high). The top of the trap is constructed of
wood lathing to provide a biodegradable escape
panel. The top entrance funnel has adjustable
panels and is 20 cm X 25 cm in the most open
position, as fished throughout the study. Two
strips of poured concrete in each end of the trap

provided ballast, making the total weight of the

trap about 22.7 kg. )

Traps were baited with 1.2-1.6 kg of clupeids.
Three Florida and three Fathoms Plus traps were
alternately attached at 61 m intervals to 365.6 m
of groundline. The groundline was constructed of
8 mm diameter Iceline, a dacron, polyethylene
line that has a high tensile strength relative to its
diameter. A small weight consisting of ~9.0 kg of
chain was attached to one end of the groundline
and an anchor (~25 kg) was attached to the buoy-
line end of the gear. Buoy lines were 366 m sec-
tions of 8 mm Iceline joined together to achieve at
least a 2:1 ratio of line to water depth. Four inflat-
able net buoys and a spar buoy with radar reflec-
tor were attached to the buoyline.

Six depth strata were sampled between lat.

29°53.1°-32°20.0'N and long. 78°01.5'-79°24.8'W: -

7Reference to trade names does not inply endorsement by the
National Marine Fisheries Service, NOAA. .
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274-366 m (stratum 1), 367-457 m (stratum 2),
458549 m (stratum 3), 550-640 m (stratum 4),
641-732 m (stratum 5), and 733-823 m (stratum
6). Three sets of six traps each were made approx-
imately 1-2 km apart within a depth stratum over
a 24-h period. Sampling locations for each set
were selected by making fathometer transects of
the potential fishing area to determine depth and
bottom type. Because of bad weather and logisti-
cal constraints all strata did not receive equal
effort (Table 1).

The first trap type on the groundline was ran-
domly selected with trap type alternating until
six traps (three of each type) were attached. The
exception to this arrangement occurred in the
deepest stratum (733-823 m) where only the
Fathoms Plus trap was used.

Fishing duration was standardized at 20 hours;
however, poor weather conditions and logistical
considerations altered this. Average fishing du-
ration within strata exceeded 17 hours (Table
1).

Bottom temperature was determined in each
depth stratum by reversing thermometers. Bot-
tom sediments were sampled by a geological
rocket grab for each group of three sets made in
an area. Sediments retrieved were frozen on
board and examined under a microscope for gross
characterization in the laboratory. Sampling
depth and location were recorded at deployment
of the anchor.

Decapod crustaceans in each trap were identi-
fied, counted, and weighed. Catches from dam-
aged traps or those sets that moved due to cur-
rents were excluded from analyses of distribution
and abundance, but were included in biological
studies of size and sex composition. Each golden
crab was individually sexed, measured to the
nearest millimeter (carapace width, CW, distance
between the tips of the fifth lateral spines; cara-
pace length, CL, distance from the diastema be-

TABLE 1.-—Mean, standard deviation, mini-
mum, and maximum fishing duration of trap
sets, for Geryon fenneri, within six strata sam-
pled from August 1985 to March 1986.

Fishing duration (h)
Stratum No.sets y  (s) Min. Max.

8 175 375 124 212
32 188 236 140 23.2
16 205 207 162 2237
229 115 215 247
172 073 164 18.1
202 569 11.7 233
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tween the rostral teeth to the postenor edge of the
carapace, along the midliney; and moest were-
weighed to the nearest graim’ The number of
missing chelae and pereopods was recorded for
each crab, as was molt condition and presence of
chitinolysis and poecilasmatid barnacles, Trilas-
mis inaequilaterale, on the exoskeleton. Molt con-
dition of G. fenneri was modified from criteria
established by Beyers and Wilke (1980) for
G. quinquedens (probably G. maritae Manning
and Holthius) and consisted of five categories:

1) Hard - carapace at maximum strength, fouling
by barmacles or chitinolytic bacteria mini-
mal,

2) Hard old - carapace strong but heavily fouled
by barnacles and abraded or blackened by
chitinolytic bacteria,

3) Soft old - resorptive line along posterolateral
sides of the carapace is weak; carapace heavily
fouled as with hard-old condition,

4) Soft new - carapace soft or jellylike with no
fouling, and

5) Hard new - carapace cracks under pressure
and is not fouled.

Female G. fenneri were examined for evidence
of egg extrusion and mating. Presence of eggs or
egg remnants on pleopods and the size, shape, and
physical condition of vulvae, as described by
Haefner (1977), were noted. We examined semi-
nal receptacles for presence of sperm or sperma-
tophores and for relative size.

Ovaries from 72 of the 166 female G. fenneri
captured were initially classified by relative size
and color following the scheme described by
Haefner (1977) for G. quinguedens. After gross
classification of ovaries, tissues were removed for
histological preparation and examination in
order to describe ovarian structure and validate
assigned ovarian stages. Tissues were fixed for at
least 48 hours in 10% seawater formalin. After
fixation, tissues were dehydrated, cleared, and
embedded in paraffin. Sections were cut at 6-9 um
and were stained with Gill’'s hematoxylin and
counterstained .with. _.eosin-Y. Oocytes from G.
fenneri were measured using an ocular microm-
eter.

Testes and vas deferentia from three G. fenneri
were fixed for 24 hours in 2.5% glutaraldehyde,
rinsed in. cacodylate buffer, and dehydrated .in
ethanol. Tissues were then critical-point dried,
sputter coated, and examined using a Jeol JSM-

35C scanning electron microscope (SEM). N.3 '
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RESULTS
sttnbuhon and Relative Abundance

The 70 valid sets (416 individual trap observa-
tions) caught 3,152 G. fenneri (2,661.9 kg) at sam- .
pled depths between 296 and 810 m. The only
other numerically important species caught was
the jonah crab, Cancer borealis (864 individuals,
227.5 kg).

Catch per trap increased from 1.6 crabs (1.67
kg) in the shallowest stratum to a maximum
abundance of 22.3 crabs/trap (18.04 kgitrap) in
the 458-549 m depth zone (Fig. 1). Catches then
abruptly declined with increasing depth. The ab-
sence of golden crabs in traps fished between 550
and 640 m appears to be related to unsuitable

Geryon fenneri
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FIGURE 1.—Catch per trap of Gervon fenneri for six depth strata
sampled. Effort (number of traps) is shown in parentheses.
Statistical significance of catches between trap types, as deter-
mined by two sample ¢-test, is indicated by * (P < 0.05). NS
indicates no significant difference in catch rates between the
two trap types.
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sedimerits at sites in this stratum since grab sam-
ples contained coral fragments and rubble. At
shoaler locations where golden crabs were abub-
dant, sediments were a mixture of soft silt-clay,
molluscan shell fragments, and foraminiferan
tests. Temperatures at sites where golden crabs
were collected ranged from 7.14° to 9.15°C.

The number of golden crab per trap (11.4) and
the weight of golden crab per trap (9.37 kg) in the
Florida trap exceeded that in the Fathoms Plus
trap (7.0 individuals, 6.16 kg) for all combined
sets (Table 2). Statistical results by strata using
the two-sample t-test or an approximate ¢-test
when variances were heterogeneous (Sokal and
Rohlf 1983), indicated significantly more crabs
were collected with the Florida trap than with the
Fathoms Plus trap from 367 to 457 m (stratum 2)
and from 458 to 549 m (stratum 3) (Fig. 1,
Table 2). Weight per trap was significantly differ-
ent for the 367-457 m stratum only.

Size and Sex Compositioh

Male G. fenneri were significantly more numer-
ous than females, outnumbering them by ~18:1.
No ovigerous females were collected during the
sampling period. Dominance of males was statis-
tically significant for strata 1-3 (Table 3). In these
depth strata, males were 20 times as numerous as

females. In depths of 550-732 m, a male was the

South Atlantic Bight: Distribution. Population
Structure and Gear Assessment
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ranged from 85 to 193 mm in carapace width and -
weighed from 100 to 2,109 g. Average weight of
‘madle golden crab collected during the study was
927 g (s = 373.448, n = 1,640) while average
weight of females was ‘448 g (s = 289.385,

n = 86). Carapace width-frequency distribution
for G. fenneri gave modes at 155 mm for males
and 100 mm for females (Fig. 2). The largest crab
collected measured 193 mm and weighed 2,091 g.

Linear least-squares and functional regression’
equations (Ricker 1973; Sokal and Rohlf 1983)
relating carapace length and live wet body weight
with width are in Table 4. Width-weight relation-
ships were calculated from data on individuals
that were not missing appendages.

Of the 3,183 golden crabs examined for missing
appendages, 2.4% were missing one or both
chelae. Pereopods were missing from 307 individ-
uals (9.6%).

Examination of carapace width and weight
statistics for each depth stratum showed that
mean size of male G. fenneri was greatest for the
shallowest (274-366 m) and deepest (733-823 m)
strata sampled (Table 5)."For females, however,
mean carapace width and weight were greatest in
the deepest zone. At depths of peak abundance,
mean carapace width (¢, = 4.70, P < 0.001) and
mean body weight (¢, = 270, P < 0.01) of male
crabs were significantly greater in the 367-457 m
than in the 458-549 m depth stratum. No signifi-

TABLE 2.—Results of 1-test (7;) comparisons ot mean number and weight
(kg) per trap for two trap types (FM+ and FLA) fished in each depth stratum

tor Geryon fenneri. Standard deviation is noted in parentheses;

significance at 0.05 level.

* indicates

Numberntrap

Weighutrap

Stratum FM+ FLA

T, FM+ FLA Ts

1.6(1.92)

0
0.1
0.5(0.28)

0
o]

1
2
3
4
5
6

Total

1.8(2.21) 0.14
7.5(5.96) 11.9(9.95) 2.16" 6.67(5.097) 10.02(7.651) 2.06"
10.4(5.08) 15.2(7.08) 2.22° 8.82(4.164) 11.84(4.752) 1.91

7.0(5.98) 11.4(9.38) B.51° 6.16(5.052)

1.66(1.912) 1.80(2.157) 0.14

0
0

Y
0.07
0.43(0.321)

9.37(7.078) 6.18°

only crab collected. In the deepest stratum sam-
pled (733-823 m), females significantly outnum-
bered males 2.9:1. Although the Florida trap
caught significantly more crabs than the Fath-
oms Plus trap overall, no significant difference
was noted in the number of female crabs between
those two trap types (x2 test, P > 0.5).

The 3,217 golden crabs which were measured

N-4
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TaBLE 3.—Frequency of male and female Geryon fenneri within
each depth stratum. Asterisks denote signihicant deviation
(P < 0.05) from 1:1 by Chi-square analysis.

Strata {m)
Sex 274-366 367-457 458-549 550-640 641-732 733-823
Maie 84° 1,790° 1,165° ~ 0 1 "
Female 3 91 41 0 0 32°




Appendix N. Exploration for Golden Crab, Gervon fenneri, in the South Atlantic Bight: Dismbution. Population

.

WENNER ET AL: EXPLORATION FOR GOLDEN CRAB

cant differences, however, were noted in mean
carapace width (¢ = 0.85, P >0.05) and mean
body weight (¢, = 1.48, P > 0.05) of feifiales from
these same strata. : e e o Tm

Of the two traps used, the Fathoms Plus trap
caught larger and heavier golden crabs than did
the Florida trap. Mean carapace width (¥ = 143
mm, s = 19.69, n = 1303) of crabs in the Fathoms
Plus trap was significantly larger than that of
crabs in the Florida trap (7 = 139, s = 20.21,
n = 1914) [t, = 5.478, P <0.001]. A statistically
significant difference was also noted for mean
weight (Fathoms Plus: y =928, s = 366.77,
n = 775; Florida: ¥y = 881, s = 377.69, n = 951)
(t, = 2.598, P < 0.001].

FIGURE 2.—Width-frequency distributions of male and female
Gervon fenneri caught in traps. ¥ = mean: s = standard devia-
tion: n = number of individuals.

Structure and Gear Assessment
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TABLE 4. —Least-square linear and geometric mean tunctional regression equations of carapa-ce length
(CL) and live body weight (WT) on carapace width (CW) for each sex of Geryon fenneri. Length and
width units are millimeters while weight units are kilograms. All least square regressions were signiti-

cant at a = 0.05.

Sex Least squares equation re GM functional equation
Male CL=~-95+09CW 3.042 0.95 CL=-119+09CwW
logyo WT = —4.74 + 3.54 (log,g CW) 1453 0.94 logyy WT = —4.99 + 3.66 (logyp CW)
Female CL=40+08CW 141 0.92 CL=07+08CW
logyp WT = ~3.97 + 3.14 (logyp CW) 74 091 logyg WT = —4.27 + 3.29 (log,o CW)

TaBLE 5.-—-Size and weight statistics of male and temale Geryon
fenneri from sampled depth strata. ¥ = mean: s = slandard devi-
aton. n = number of individuals.

Carapace width (mm) Weight (g}
y Min. Max. s n y s n

Male 274-366 156 117 186 144 84 1,064 339.15 84
367-457 144 100 190 18.1 1,790 937 354.03 983
458-549 140 B8 193 19.9 1,165 884 373.47 561
550-640 — — — - -
641-732 139 — — — 1 808 - 1
733-823 161 135 181 11.7 11 1,112 22522 11

Female 274-366 105 92 113 11.2 3 189 8088 3
367-457 105 85 145 86 91 265 103.13 35
458-540 104 B85 137 97 41 228 70.06 16
550640 — — — — — - @— —

641.732 — — — — = = -
733-823 149 117 170 136 31 768 201.09 32

Stratum
Sex (m}

Reproductive Biology

We obtained satisfactory histological sections
from 39 of 72 female golden crabs examined.
From histological and gross examination we de-

scribed four ovarian developmental stages:
1) early, 2)intermediate, 3) advanced, and
4) mature.

In the early stage of development, the slightly
lobate ovary is very small, transparent to white
in color, and bounded by fibrous connective tis-
sue. Oocyte diameter ranged from 58 to 92 um
with a mean of 75 um (Fig. 3A). Nuclei and nucle-
oli are readily apparent in the early oocytes, as
are follicle or accessory cells which surround each

N-5
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FIGURE 3.—Ovarian and testicular tissue of Gervon fenneri. )
A. Ovarian tissue showing early (EOC) to intermediate oocyte (I0C) development. Oocytes
range in size from 30 w0 100 um. Scaie bar 60 um.

B. Oocytes at the intermediate stage of development. Nuci (N), leolus (NU), cyvto-
plasmic yolk globules (CYG), follicle celis (FC). Oocyte size extremes are 100-125 um.
Scale bar 50 um.
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FIGURE 3.—Continued.
C. Oocvtes in the advanced stage of development. Nucleolus (NU), cytoplasmic yolk gran-
ules (CYG). Oocytes 200-300 um in size. Scale bar 30 um.
D. A poruon of a mature testis showing the seminiferous duct (SD) and testicular lobes
‘containing spermatocvies (SC), spermatids (ST) and sperm (S). Accessory cell nuclei
tAN). Scale bar 100 pm.

N-7
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cell. In the larger oocytes, cytoplasmic vitellin
globules indicative of vitellogenesis are pre-
sent. - -

The intermediate stage ovary is yellow in color,
has more pronounced lobation, and is larger than-
- the early stage ovary. The diameter of oocytes
ranged from 112 to 175 pm with a mean diameter
of 145 pm. Most oocytes were undergoing vitello-

genesis in this stage (Fig. 3B). _
As the ovary matures to the advanced stage,

the ovarian lobes become enlarged and the color
becomes light orange to orange-red in color. The

anterior portion of the ovary obscures the ante-

rior hepatopancreas from dorsal view. Oocytes
were 175-300 pm in diameter ( = 240 um) and
enlarge as vitellogenesis continues (Fig. 3C).

The mature ovary, brown to purple in color, is
the dominant visible organ and obscures the hep-
atopancreas in dorsal view. Oocytes are filled
with yolk globules and average 300-400 um in
diameter as vitellogenesis nears completion.

Size at sexual maturity was difficult to assess
because of the small number of females collected.
Overlap existed in the size of female G. fenneri in
each stage of development.The carapace width of
females in early ovarian development ranged
from 85 to 116 mm (¥ = 104 mm, n = 27). Inter-
mediate ovaries were present in females measur-
ing 105-169 mm CW (¢ = 127 mm, n = 13) while
advanced ovaries occurred at sizes from 110 to
136 mm CW (3 = 123, n = 2). The 30 females with
mature ovaries ranged from 87 to 169 mm CW
G = 141).

Five vulval forms were identified among the
142 females examined. Most of the females had
immature vulvae (types a and b) suggesting that
these crabs had not mated. The observed ovarian
condition in a subsample (n = 26) of these fe-
males indicated that all had ovaries in an early
stage of development (Table 6). Only one female
(111 mm CW) with immature vuivae contained
sperm in the seminal receptacles, indicating cop-
ulation had occurred. Type ¢ vulvae were noted on
two females, one with ovaries in early develop-
ment and lacking sperm in the seminal recepta-
cles while the other crab had mature ovaries and
sperm present. Type e and f vulvae were found on
the largest females collected, all of which had at
least intermediate stage ovaries. Eight of the
fourteen females with these vulval types whose
seminal receptacles were examined had been in-
seminated.

Three male G. fenneri examined exhibited typi-
cal brachyuran reproductive morphology. The
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" testes, which are dorsal to the hepatopancreas,

were tubular and highly lobate. The testicular
lobes, adjacent to the central seminiferous duct,
contained spermatocytes, spermatids, and sper-

" matozoa;—suggestive of asynchronous develop-

ment (Fig. 3D). In mature individuals, ripened
spermatozoa were found in the seminiferous duct.
Examination of the testes and vas deferentia by
SEM revealed germ cells at various stages of de-
velopment. Spermatids (Fig. 4A), surrounded by
supportive tissue, were composed of a central nu-
cleus framed in cytoplasm. With spermiogenesis,
multiple projections or spikes form which are
characteristic of developed sperm (Fig. 4A). An-
other portion of the same testis yielded a more
advanced germ cell displaying well-defined cyto-
plasmic spikes (Fig. 4B). A sagittal section
through the vas deferens revealed stellate sper-
matozoa (Fig. 4C), which had previously been em-
bedded in this complex of supportive tissue
(Fig. 4D).

TABLE 6.—incidence of wuival type (after
Haefner 1977) in relation 1o carapace width and
gonadal condition of female Geryon fen-
neri. n = number of individuals examined.

Carapace . Gonadal
Type n width(mm) n condition
a 112 85-119 22 early
b 4  98-116 4 early
c 2 97-108 1 early
1 mature
d -0 —_— 0 _—
e 18 105-156 B8 intermediate
1 advanced
8 mature
1 5 124-169 2 intermediate
‘ 3 mature

Molt Condition and Fouling

Most (80%) of the 8,183 male and female
G. fenneri were in the intermolt stage. Less than
1% of the 3,041 male golden crab showed evidence
of having recently molted. The incidence of immi-
nent or recently molted female golden crab was
higher than that observed for males, with four
individuals classified as premolt (soft-old) and
two in the newly molted (soft-new) condition.

--- -Most (95%) of the 3,183 G. fenneri examined for

molt condition had blackened abraded areas on
the exoskeleton, indicative of damage by chiti-
nolytic bacteria. Exoskeleton damage was most
prevalent on individuals in the intermolt (75%)
and premolt (19%) condition.
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DISCUSSION

Although the results of this study, suggest that _
G. fenneri has a wide bathymetric gccurrence i
the South Atlantic Bight, the depth extremes for
the species probably extend beyond those encom-
passed by our sampling design. Records of Geryon
sp. and G. affinis (which were probably G. fen-
neri) from the Gulf of Mexico indicate a depth
distribution of 365-1,455 m (Pequegnat 1970),
while Luckhurst (in press) reported golden crabs
from 786 to 1,462 m near Bermuda.

Although a broad bathymetric range for the
species is likely, maximum abundance occurs be-
tween 367 and 549 m in our study area. This
depth range coincides with that reported by Stone
and Bailey (1980) for maximum trap catches of
G. quinguedens along the Scotian Shelf and ap-
proximates the limits (320-530 m) determined by
Wigley et al. (1975) by trawl and photographic
methods to be most productive for that spec:es off
the northeastern United States.

Information on sediment composition taken co-
incidentally with fishing activities suggests that
abundance of both G. fenneri and G. quinguedens
is influenced by sediment type at these optimum
depths. Our catches were highest on substrates
containing a mixture of silt-clay and fora-
miniferan shell. In contrast, no golden crab were
collected on rock and coral rubble bottom such as
was encountered in the 550-640 m stratum. Other
studies have described an association of G. quin-
quedens with soft substrates. Wigley et al. (1975)
noted that bottom sediments throughout the area
surveyed for red crab from offshore Maryland to
Corsair Canyon (Georges Bank) consisted of a
soft, olive-green, silt-clay mixture. If golden crabs
preferentially inhabit soft substrates, then their
zone of maximum abundance may be limited
within the South Atlantic Bight. Surveys by
Bullis and Rathjen (1959) indicated that green
mud occurred consistently at 270-450 m between
St. Augustine and Cape Canaveral, FL (30°N and
28°N). This same depth range from Savannah,
GA to St. Augustine was generally characterized
by Bullis and Rathjen (1959) as extremely irregu-
lar bottom with some smooth limestone or “slab”
rock present.-Our -study-indicates, however,; that
the bottom due east between Savannah and St.
Catherines Island, GA at 270-540 m consists of
mud and biogenic ooze. Further north from Cape
Fear, NC to Savannah, bottom topography be-
tween 270 and 450 .m is highly variable with
rocky outcrops, sand-and mud ooze present (Low

Structure and Gear Assessment

" and Ulrich 1983). Additional information on sedi-

ment type during future fishing efforts will be

. necegsary before any validation of sediment pref-

erence’ by golden crab can be made.

The catch data for golden crab in our survey
compares favorably with catch rates reported by
Otwell et al. (1984) in the Gulf of Mexico. Al-
though their study was not intended to assess the
resource, they reported mean catch per trap val-
ues of 7.4-8.4 for the nested design fished between
210 and 340 fathoms. Information on catch rates
of red crab from trap surveys and the fishery is
perhaps more relevant to our study. Ganz and
Herrmann (1975) reported an overall unculled
mean catch per pot of 40-93 red crabs off southern
New England; their study used four types of dou-
ble parlor offshore lobster pots. An average catch
of 26.8 red crabs per trap (conical-top entry) was
reported in 360-540 m depths on the Scotian Shelf
by Stone and Bailey (1980). The only available
information on weight per trap was provided by
Gerrior (1981) who found seasonal catch rates
that ranged from a low of 8.4 kg in March to a
high of 11.1 kg per pot in June. Although com-
parison of catch per unit of effort between these
studies is questionable because trap type and
fishing duration, as well as physical features of
the sampling areas differ, catch per trap of golden
crab in depths of maximum abundance off South
Carolina and Georgia appears promising.

- Comparison of catches (no./trap) between the
Fathoms Plus trap and the Florida trap clearly
indicate superiority of the latter for golden crab.
These two traps also differed in the size and
weight of individuals caught, with larger and
heavier golden crab occurring in the Fathoms
Plus trap. Advantages of the Fathoms Plus traps
for commercial fishing operations would include
their lighter weight, ease of handling, and stack-
able configuration which conserves deck space.
Differences observed between traps may be re-
lated to trap design which affects success of entry
and maximum catch (Miller 1980) or behavioral
interactions which affect probability of capture
(Richards et al. 1983). Although no studies have
been done to evaluate behavior of G. quinguedens
or G. fenneri in regard to traps, responses of the
spider crab, Hyas araneus, and the rock crab,
Cancer irroratus, to top and side entry traps were
reported by Miller (1980). He found success of
entry by C. irroratus was greater, escapement
was reduced, and fewer agonistic encounters oc-

" curred in top entry traps. In a complementary

study, however, Cancer productus had highest
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FIGURE 4. —Scanning electron micrograph of testis and vas deferens from male Gervon fenner:.
~-A.-Tesus: Maturing germ cells (spermatids. ST surrounded by sustentacular tissue. De-
veloping sperm (D-S), cvioplasmic spike (SP); x 3200. Scale bar 3 um.
B. Tesus: A developing sperm (D-S) possessing partial to fully formed cytoplasmic spikes
(SP); x 3200. Scale bar 3 um.
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FIGURE 4. —Continued.
C. Vas deferens- Mature multiple steliate sperm (S)
(SP1: x 3840. Scale bar 2 um.
D. Vas deferens: Pockets (P) within the vas deferens
stellate sperm: x 1600. Scale bar 10 um.

showing cyioplasmic spike

previously occupied by the mature

N-11
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success in entering a sidet entry trap whose en-
trances were parallel to the current (Miller 1978).

Although our traps were deployed parallel to sur-

face current, their orientation on the bottom Feta-
tive to bottom current is unknown. We are assum-
ing that golden crabs were successful in locating
the entrance and were retained longer in the top
entry Florida trap than in the Fathoms Plus trap.
It is possible, however, that golden crab were
equally or more successful in locating the side

entrances of the Fathoms Plus trap but that es-

capement, especially of smaller golden crab, was
higher. This would explain the capture of few-
er but larger individuals by the Fathoms Plus
trap.

T’;Ie overwhelming dominance of males in this
study contrasts with results reported in other geo-
graphic areas for golden crab. Luckhurst (in
press) noted that sex ratio in his sample (n = 244)
of G. fenneri from Bermuda waters was approxi-
mately 1:1. Otwell et al. (1984) noted that males
tended to be more abundant at greater depths
(>540 m) in the Gulf of Mexico; however, they
cautioned that trap design may influence the per-
centage of male crabs caught. Commercial crab-
bers noted a decline in catch rates and number of
male G. fenneri with increasing depth on the
slope in the eastern Gulf of Mexico (National
Marine Fisheries Service fn. 5). We also found
increased abundance of females at greater depths,
although our results are limited due to the small
number of females collected. This is apparently
not an artifact of sampling with only the Fathoms
Plus trap in the deepest stratum since more fe-
males were collected in the Florida trap than with
the Fathoms Plus trap when only strata 1-3 were
considered. Segregation of the sexes by depth has
been observed in several studies of G. quingue-
dens. Wigley et al. (1975) collected more female
red crabs than males, but this dominance was
limited to intermediate depths (320-503 m). Ganz
and Herrmann (1975) similarly noted dominance
by male red crab at depths >685 m off Rhode
Island. This same pattern was noted for red crab
in the vicinity of Norfolk Canyon where females
were more abundant than males from depths
<600 m (Haefner and Musick 1974; Haefner
1978). In Canadian waters, however, female red
crabs were reported by Stone and Bailey (1980) to
be considerably less abundant than males. Al-
though they attributed this discrepancy to trap
bias, another study in the same general area
found fernales were present but highly contagious
in distribution. Whether seasonal migrations re-
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llated to mating or spawning occur as hypothe-

sized by Wigley et al. (1975) for G. quinquedens
remains to be substantiated. What is evident
‘from ourresults is that male G. fenneri are domi-
nant in depth strata where catch per unit of effort
is highest.

Size-related distribution of G. ferneri with
depth, similar to that reported for red crab, may
occur in the South Atlantic Bight. We found the
largest crabs in the shallowest (274-366 m) and
deepest (733-823 m) strata. A clear trend of size-
related up-slope migration such as Wigley et al.
(1975) reported for G. quinquedens is not appar-
ent, however, because of trap bias for capture of
larger crabs of both sexes. Otwell et al. (1984) also
noted no pattern in size of golden crab by depth
for either sex. Tagging studies of red crab off
southern New England provided no evidence for
migration patterns and indicated instead that
tagged crabs seldom moved more than 20 km
from their site of release (Lux et al. 1982).

The size composition of golden crab from our
study showed that crabs become trappable as
small as 85 mm CW but that the greatest propor-
tion of trapped individuals is >100 mm CW. Over
90% of all individuals collected exceeded 114 mm
CW which is the minimum size of red crab ac-

cepted for commercial utilization (Wigley et al. -

1975). A much smaller proportion (52%) of golden

crab >114 mm was indicated in size-frequency

distributions of trap-caught golden crab near

Bermuda (Luckhurst in press). Although Otwell

et al. (1984) did not present size and weight-

frequency data for golden crab in the Gulf of Mex-

ico, they found mean size of male crabs ranged

from 155 to 163 mm with mean weight extremes
of 1.07-1.15 kg, while females were smaller with
mean CW ranging from 119 to 135 mm and mean
weight extremes of 0.45-0.50 kg. These data and
those from our study suggest that the average
size of golden crab from the South Atlantic Bight
and Gulf of Mexico is larger than the average size
of red crab reported along the eastern United
States and Canada. Wigley et al. (1975) reported
average width of male G. quinquedens was 99 mm
with an average weight of 413 g. Average width
of all females from their study was 90 mm with a
mean weight of 244 g. Comparisons of size compo-
sition between the two studies must be qualified,
however, by a caveat that differences in sampling
methods probably influenced sample statistics.
The apparent larger size of golden crab may be
better substantiated by maximum width and

weight measurements, which for our study were.
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193 mm and 2,109 g, respectively. These values
were markedly larger than those reported for red
crab in the vicinity of Norfolk Canyon THaefner
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REPRODUCTIVE ECOLOGY
GERYON FENNERI MA

Ezaminaiion of decp-water female golden
coast of Florida indi an annual reprod

utheastern Florida (1988)

OF FEMALE GOLDEN CRABS,
NNING AND HOLTHUIS,

FROM SOUTHEASTERN FLORIDA
Robert B. Erdman and Norman J. Blake

ABSTRACT

crabs coll hiy from the h

cycle with a singie batch of cgzs produced

each year. Oviposition begins in late August and continues through October with egss reunned
for approximately 6 months uniil haiching during iate February and March. Sizes of ovigerous
femaies examined ranged from 96 to 147 mm carapace widih (CW), Extruded eggs averaged

540 ym in di ing o b

380 and 600 um prior 10 hatching. Fecundity

estimates range from 131,000 10 347,000 egss with brood size highly correiated 10 CW. Changes

in i with It

and the onset of ovarian aclivity indicate that

size a1 sexual maturity is beiween 85 and 100 mm CW. Although sampling depih ranges were
limived, Geryon fenneri may display similar segregation by sex and size with depih as other

species of Geryon.

Crabs of the genus Geryon are large
brachyurans inhabiting the continental slope
of the Atlantic, indian, and Pacific Oceans
(Manning and Holthuis, 1981: Rathbun,
1937). Three species are reporied from the
western Atlantic Ocean: G. inghami Man-
ning and Holthuis, 1986, G. fenneri Man-
ning and Holthuis, 1984, and G. quinque-
dens Smith, 1879; the latter two species have
commercial value,

The red crab G. quinguedens has been the
object of commercial fishing off the New
England states and Canadian maritime
provinces since the late 1960s (see Gerrior,
1981, for review). The biology of that species
has been examined by various authors: depth
distribution patterns (Haefner and Musick,
1974; Haefner, 1978; Wigley et al., 1975),
reproductive cycle (Gray, 1969; Haefner,
1977, 1978), mating behavior (Elner ef al.,
1987), and the description of larval forms
(Perkins, 1973).

The golden crab Geryon fenneri is also of
commercial value and is the target of lim-
ited commercial trapping off the coast of the
southcastern United States including the
eastern Gulf of Mexico (Otwell et al., 1984).
Since laie 1985, a small fishery has devel-
oped off the southeastern Florida coast with
live animals sold to an increasing local mar-
ket (Erdman and Blake, 1988). However,

with the exception of the description of this
species (Manning and Holthuis, 1984), rel-
atively little is known of its biology.

We report on aspecis of the reproductive

392

biology of female G. fenneri coliected
monthly off the southeastern Florida coast.
Data on the reproductive cycle, fecundity,
mating, and size at sexual maturity were

LRUMAN ANIF BLAAL REFKUDULC [IV] BAtH sy 00 TOANNIY s NBIN HE NN B
Tabie I. Developmental stages of ovaries of Geryon feaneri including color varnisuon and mea: ¢ diameter
by stage.
Oucyte Suamesers (sm)
Ovanes wage Ovary color Mean Rangr D)

immature white

transparent
Early ivory 83.9 30.6-224 250

yellow

yellow-orange
Intermediate yeliow.orange 154.3 30.6-352 250

brownish orange

browmish an et
Advanced red-orange 2433 96.3-354 25¢

brownish uan

" purple-gray
. purple

Mature purplie-gray 387.8 110-535 250

dark purpie
Redeveloping ivory 394 22.1-188 250

spent un
yeliow-orange

pods with atiached eggs were removed and fixed in

examined 10 acquire additional infor
on the biology of this commercially valu.
able spcciqs.

MATERIALS AND METHODS

Monthly sampies were obiasined from a commercial
\oping vesseldurirg the s Febraary 1906 theaes g e o Febrary 98
January 1587, The hshing area was Jocat uceast of
Fort 1 Florida, at i 26°10'N,

82°05'W, with fishing deplhs ranging from 215 10 23§
m

. ey btained from Neilsen traps fitted
- ings_sec Erdman and Blske. 1O
Traps were depioyed on bottom longli d from

gear illusirated by Otwell ¢ al. {(1984). Female crabs
were randomly selecied from the caich, packed in
crushed ice, and retumned live 1o the Jab Y.

10% buffered F AnNer drying 10 constant weight
at 60°C, the eggs were removed from the pleopods.
Tull ¥ of any ing tissue, and weighed

to the nearest 0.) mg Fecundity was estimated by
extrapolation using the mean dry weight of § subsam-
ples of 1,500 eggs and the dry Wilhl.of the tolal egg
mass. The ionshi fi dily and car:
widih was examined by linear regression analysis.
All females were d 10 gross ’
ition with i prepared for his-
tological examination as described by Yevich and
Barszcz (1977). Following 24-h ﬁlllib:l in Zenker-Hel-

patopancreas and extends posteriorly along
each side of the hind-gut. Spermathecac,
which arise from the midlateral portion, ex-
tend ventrally to gonopores that open on
the sixth thoracic somite. Anterior 10 the
heart. the ovaries join at a commissure just
posterior 10 the stomach, with lobcs_lhal
extend anterolaterally around the gastric re-
gion. The entire ovary is bound by fibrous
connective tissue which serves to separate
the organ from the surrounding hemococl.

Iy’s solution, tissues were p: s bedded in
Paraplast®, and representative sections were cut at 6=
§ sm. The resuliing slides were siained with hematoa-
ylin and eosin (Luna, 1960).

Developing oocyles were measured 10 the nearest

For each crab, carapace width (CW, distance be-
tween the fifih laieral spine tips) and carspace length
{CL, midline di from the d b the
rostral tecth to the posierior carapace edge) were mes-
sured (o the nearest millimeter. Additional character-
istics such as the degree of carapace fouling and gono-
pore size and shape were also examined. Mol stages
were based on a dification of suages by
Beyers and Wilke (1980) for G. quinquedens (G. ma.
riac, see Manning and Holthuis. 1981).

The presence and color of extruded cggs were re-
corded slong with incidence of cgg remnants on the
pleopods. Each month, 23 egas were removed from
esch of § femaies and the diameters were measured
with an ocular micrometer. Evidence of copulation way
determined by instion of ins and
spermatheca conients,

Twelve females with stage C eggs {eye pigment vis-
ible; see Meredith, 1952) were ined for fecundity
following methods adapted from Hines (1982). Pieo-

L

on an image analysis sysiem, consisting of
d mi P i with a video cam-
en, a digilizing tabler, and a with an-

ges of ovarian development are pre-
sented in Table 1.

The immature ovary is white or trans-
parent, less than 2 mm in diameter, wubular,
and without pronounced lobation. Histo-
logically, the medial germ strand is sur-
rounded by abund fibrous tive

slytical software. Monthly mean oocyte di were
caiculated from the measurements of S0 oocytes per
individual using 14-22 snimals per month.

n sddilion, obse; j havior, mating, and
molting WETe made § on crabs kepl in
mber . Al amimals were

plivily since Drce 1985,
mainiaincd in towsl darkness in two 40-gallon (151.1)

refrigersied aquariums at 9.5°C and J@b salinity and
were fed m!lcp meats and shrimp 3 times » week.
RESULTS AND Discussion
QOvanan Development

The ovary is similar in location to that of
Geryon maritae (sec Melville-Smith, 1987)
and G. quinquedens (seec Hacfner, 1977).
H-shaped in form, it lies dorsal 10 the he-

O-1

tissuc and open spaces in the lumen. When
visible, oogonia are in close proximity to
the germ strand. .

‘The early-stage ovary is characterized by
an ivory, yellow, or yellow-orange color.
Qocytes in various stages of carly devel-
opment arc present, often bound by fibrous
connective tissue to form small internal
lobes. The germ strand is well defined, ufilh
oogonia and early-stage oocytes that radiale
outwards and graduatly fill the opcn spaces
in the lumen (Fig. 1). Mean oocyte diameter
at this carly stage is 83.9 um with a range
of 30.6 10 224 ym.
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ig. | Early stage ovary of Geryon fennen with germ strand (GS), oogonia (OG). and carly suagé oocytes (OC)

diaung out from germ strand (x 25).

@8- 2. intermediaie stage ovary of Gervon fennert with accumulated ydlk globules (Y) within developing oocyie

1d accessory cells (AC) sur ding oocyles

The intermediate-siage ovary is a yellow-
ange, brownish orange or brownish tan
slor. Advanced oocytes, many of which are
nering the early stages of vitellogenesis,

early vitell (»160).

predominate at this stage. Numerous ac-
cessory celis are present and surround oo-
cytes that are accumulating yolk globules
(Fig. 2). Mean oocyte diameter at this stage

0-2
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les (Y), and chorionic membrane

Fig. 3. Mature ovary of Geryon fennert with p
(M) of maturc ovum (*63).

leus (N), yolk g

Fig. 4. Redeveloping ovary of Grr,vvm__frnnrrr with developing oocytes (OC) radialing from germ sirand and

d ovs

resorplion (RO) (x63).

numerous phagocytic cells (P) sur ding unspa

is 154.8 ym and developing oocytes range
from 30.6 to 352 pm in diameter.

The advanced ovary is swollen with pro-
nounced lobation, often obscuring the an-

terolateral portions of the hepatopancreas.
Color varies from red-orange to brownish
tan, gradually becoming purple-gray and
purple in the latier portion of this stage. The
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mal to the few oocytes stitl undergoing
tellogenesis. Mean diameter of the ova .,
387.8 um with the maximum size of 545
um overlapping the sizes of initially extrud-
ed cggs (500~560 um).

The spawned or redeveloping ovary is
very Raccid, and ivory, tan, or yellow-or-
ange, Unspawned ova may be visibie
through the outer fibrous connective tissue.
The germ strand is well defined and oogonia
and developing oocytes radiate outwards
from this region (Fig. 4). The greater pant
of the ovary ists of Rbrous cc tive
tissue and hemal spaces containing blood
cells and phagocytes. Mature unspawned ova
undergoing resorption are ofien present sur-
rounded by phagocytes.

Reproductive Cycie

The monthly incidence of ovigerous fe-
maies examined indicates an annual repro-
Qu.uivc cycle (Fig. 5). Oviposition begins in
mid-August and continues through early
October. Thirty-three per cent of females
coll d in August were ovigerous and had

ida, including number of individuals (V) and mesn
carapace widih (CW). Solid areas indicale ovigerous
females.

majority of oocytes are in the late phases of
vilellogenesis and exhibit a granular texture
arising from the accumulation of yolk glob-
ules. Accessory cells peripherat to oocytes
are stili present in the early vitellogenic stage.
The oocytes have a mean diameter of 243.3
um and range from 110 to 354 um.

Mature ovaries are purpie-gray or dark
purple and the greatly swollen anterior iobes
completely obscure the underlying hepato-
pancreas. The enclosing fibrous connective
tissue is tightly stretched, ofien to the point
of bursting during dissection. Mature ova
arc easily visible through this outer tissue
layer. ’

Histologically, the ovary is dominated by
mature ova which are granular in appear-
ance due 10 the high concentration of yolk
globuies (Fig. 3). Vitellogenesis is essentially
complete at this stage and the chorionic
membrane surrounding each ovum is con-
spicuous. The germ strand is usually ob-
scured by the tightly packed mature ova,
and accessory cells are present only proxi-

redeveloping ovaries, while 17% had ma-
lure ovaries prior to oviposition. In Octo-
ber, 29% were ovigerous with ovaries in
cither redeveloping or early developmental
stages, while 8% had mature ovaries.
arc carried for approximately six
months rvae hatch during late
February and March. Seven per cent of fe-
maies examined in February and 57% from
March had egg remnants on the pleopods.
Larvae were hatched from two ovigerous
females held in the laboratory during early
March, but larval culture was not successful.
Analysis of mean monthly oocyte diam-
eters further illustrates the annual repro-
ductive cycie of G. fenneri (Fig. 6). The min-
imum oocyte diameter recorded in Oclober
coincides with the greatest incidence of
ovigerous females with redeveloping and
carly-stage ovaries. Mean oocyte diameter
gradually increased each month and reached
a maximum during July, pfior to the initi-
ation of oviposition in August. Mean oocyte
diameter of 188.2 um recorded in August
included both mature and spent ovaries.
The annual reproductive cycle of G. fen-
neri is markedly different from the contin-
uous cycle reported for other species of Ger-
yon. Geryon maritae, which occurs oflf West

ENDMAN AND BLARY MEFRODUG TIVE LUDEERDY 68 TEMALL 6of KN 1 ANT R

mrog»w O

MEAN OOCYTE DIAME TER
(MICRONS)

MONTH OF SAMPLE
Fig. 6. Mean oocyte dismeter in Gervon fenneri by
month of sampie, inciuding standard deviation and
oocyte diameter range. Triangles represent mean di-
ameter of exiruded eggs.

Africa (Intes and Le Loueff, 1976; Le Loeufl’
et al.. 1974) and Southwest Africa (Beyers
and Wilke, 1980), exhibits no seasonality in
the reproductive cycle based on visual and
histological observations of the ovaries
(Melville-Smith, 1987). Ovigerous G. mar-
itae were collected in the majority of months;
however, they composed less than 0.1% of
the more than 9,000 females examined
(Melville-Smith, 1987).

A continuous reproductive cycle has also
been reponied for G. quinguedens coliected
ofl the Mid-Atlantic coast of the United
States (Haefner, 1977, 1978). Ovigerous fe-
males of that species were collected
throughout the year, but based on ovarian
stages and seasonal differences in egg de-
velopment, a pcak spawning scason was
suggested during the fall months. However,
Ganz and Hermann (1975) suggested that
oviposition in G. quinquedens occurs in late
July and August with eggs incubated for ap-
proximately nine months before they hatch
in May. .

Fecundity

Mean egg diameter for G. fenneri is 540
s#m at the time of oviposition. This in-
creases with development to beiween 580
and 600 um prior to hatching (Fig. 6). This
size is within the range of 550 to 680 um
reported for eggs of G. maritae (see Mcl-
ville-Smith, 1987), but less than the 630 to
850 um reported for G. quinguedens (sce
Gray, 1969; Haefner, 1978; Hincs, 1982).

Regression analysis of egg number on car-
apace width is shown in Fig. 7. The number
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Fig. 7. Relanionship in Genvon feaner of brood size
on carapace width as described by number of cggs =
4.465.7 CW — 346,105,

of eggs per femaile increased with increasing

carapace width as described by:

Number of eggs = 4,465.7 CW ~ 346,105
(r = 0.80).

Thus, the_n 1] is_di-

oumber of eggs extruded is di-
regtly correjated with the size of the female.

Sizes of fernales examined ranged from 114

to_147 mm CW. Egg number {c -
males ranged from 131,000 through
34 15 lecundity is comparable {o

estimates of 107,000~350,000 eggs reported
for G. maritae (see Melville-Smith, 1987)
and to values of 35,000~211,000 eggs for
G. quinguedens (see Gray, 1969).

Eggs are light purple or burgundy afler
oviposition, gradually becoming dark pur-
pie and purple-brown prior to hatching. The
color of initially extruded eggs and the
changes observed during devclopment dif-
fer greatly from the four color paticrns re-
ported for G. quinquedens (see Haefner,
1978. Wigley e al., 1975). Eggs of that
species are initially red-orange, becoming
brown, purple, and black with further de-
velopment.

Mating

Based upon observations of animals kept
in captivity, mating of G. fenneri occurs
during the period immediatcly following
molting of the female, and is similar 10 that
described for G. longipes (see Mori and Re-
lini, 1982) and G. gquinquedens (see Elncr et
al., 1987). A female G. fenneri (91 mm CW)
in the immediate premolt siage was col-

e e——————————— N e
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lected in late July 1986 and held with other
crabs in a refrigerated aquarium system (T
= 9.5°C). Precopulatory behavior was ob-
served beginning in mid-August when the
male formed a protective cage around the
female by bsing his walking legs. The male
ammp. with the
first pair of his walking legs, while main-
taining the ability to move about on the tips
of his walking legs and 10 feed at regular
intervals. The female did not feed during

the period of the émbrace, In the hirst week

of September the female molted while the
fATE YoTTMEd an expanded cage around her.
the female was unable 10 back entirely out

of the old carapacc; hence, mating did not
occur,

/& Size at Sexual Maturity

—

In addition to the onset of ovarian de-
velopment and the presence of eggs, other
characteristics must also be considered in
the assessment of the size at sexual maturity
in brachyurans. Following the pubertal molt,
the abdomen and gonopores show changes
that are generally accepted as external mor-
phological indications of sexual maturity
(Hartnoll, 1969). Changes in the gonopores
following the pubertal molt and accompa-
nying mating have been reported for two
species of Geryon. Haefner (1977) described
six types of gonopores for G. quinquedens
that included three forms on immature an-
imals and threc forms on mature animals.
Three types are reported for G. maritae, two
simple slitlike forms in sexually immature
animals and a third gaping form present in
sexually mature animals that have under-
gone mating (Melville-Smith, 1987).

Geryon fenneri exhibits the simple pat-
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tern of gonopores described by Hai
(1967). with three distinct types r ized
Type A gonopores which are narrow and
slitlike are present on sexually immature an-
imals. Typc B gonopores which follow the
pubcrtal molt are clongate and ovoid in
shape, while type C which is a modification
of type B differs only in that the gonopore
is more elongate and gaping as a result of
mating during the immediate postmolt pe-
riod. In addition, type C gonopores com-
monly exhibit a blackened margin due to
abrasion by the male pleopods during mat.
ing. This discoloration has also been re-
ported for G. quinquedens (sec Haefner,
1977) and G. maritae (sec Melville-Smith,
1987).

Carapace widths of the 347 females ex-
amined ranged from 89 to {56 mm. Eighty-
seven females were ovigerous (25%) and
ranged in size from 97 10 147 mm CW (Fig.
8). All ovigerous females examined exhib-
ited type C gonopores (clongate and gaping)
with 74% having blackened margins. Type
C gonopores were also observed on non-
ovigerous females ranging in size from 103
10 156 mm CW, with 60% of the females
examined having sperm present in the sper-

ERDMAN AND BLARE REPRODUCTIVE BCOLERGY OF §EMALE Gf XY 08 PINALKE

productive cycle, recently molted females
that successfully mated would be expected
to undergo oviposition during August
through October of the following year.
Overall, the population of females shows an
annual reproducitive cycle. However, indi-
vidual members may be on a biennial cycle

involving molting and mating the first year _

with subsequent oviposition during the fall
months of the second year. The size range
of ovigerous females, the stages of ovarian
development, and the changes in gonopores
associated with the pubertal molt indicate
that the size at sexual maturity of femnaie G.
lenneri is beiween m CW, Size
at matunty reported for G. maritae 1s be-
tween 80 and 100 mm CW (Le Loueffer al.,
1974; Melvilie-Smith, 1987), while G. quin-
quedens reaches sexual maturity between 80
and 91 mm CW (Haefner, 1977).

Depth Distribution of Species of Geryon
Both Geryon maritae and G. quinquedens

are scgregated by size and sex with depth. -

Geryon maritae occurs at depths of 100~
900 m off West Africa (Intes and Le Loeufl,
1976; Manning and Holthuis, 1981) and
Southwest Africa (Beyers and Wilke, 1980).
Fi les of this species are more cc

My e

ists between the two species. _  on fenneri

exhibits a continental distribution patie
and 1s limited 1o §epl§s Elween 230 ﬁ -
470 m. Geryon quinguedens, which under-

goes tropical submergence south of Cape
Hatteras, shows a deep slope distributional
paitern and is more common at depihs Th
excess of 700 m (Soto, 1983).

The contrasting reproductive patterns ob-
served between G. fenneri and G. quunque-
dens may relate to the dificrent geographical
and bathymetric distributions of these
species. The pronounced annual pattern and
six-month egg incubation period of G. fen-
neri may result from the upper slope dis-
tribution of this species. The longer egg
incubation period and protracted or contin-
uous reproductive pattern of G. quinque-
dens may refiect the greater geographical
range and deep slope distribution of this
species. .

Whether G. fenncri shows the same seg-
regation of sex and size with depth as other
species of Geryon remains unknown. al-
though the majority of the crabs caught in
the depth range (215-235 m) of the present
study were males. Additional studies of the
biology and distribution of G. fenneri and

inquedens may provide evidence for

;naﬂqu. Thus, type C gonopores app
mdnf:ahve of sexual maturity and previous
mating. However, nonovigerous femal

than males between 400 and 600 m, while
males domi at depths exceeding 600 m.

with type C gonopores and empty sper-
mathecac may have previously undergone
mating and oviposition but have yet to molt
and mate again.

Twenty-six females ranging in size from
89 to 118 mm CW were observed in the
immediate premoit stages during August and
Oclober. All individuals examined had ova-
ries in the immature or early developmental
stage and had type A gonopores. Recently
molted females collected during the period
of October through December exhibited
signs of recent mating. Seventy-one per cent
of females ranging in size from 105 to0 120
mm CW had type C gonopores. Seven fe-
males were examined for spermathecal con-
tents and five had sperm present. The re-
maining 29% of recently molted femaies had
type B gonopores and empty spermathecae.
Ovaries from all recently molted crabs were
in either the early or intermediate stage of
development.

Considering the changes in ovarian de-
velopment associated with the annual re-
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Sizes of females increased with decreasing
depth, with the same trend visible for maies.
Meclvilie-Smith (1987) reported that the
majority of ovigerous females were coliect-
ed at depths between 400 and 600 m, with
no ovigerous females recorded below 610 m.

This same pattern has been shown for G.
quinquedens (see Hacfner and Musick, 1974;
Haefner, 1977, 1978; Wigley et al., 1975).
Maies are abundant a1 depths greater than
500 m, while females are more numerous
between 300 and 600 m. Segregation of size
by depth is also reporied for this species,
with larger individuals observed in the up-
per range of their depth distribution. Haef-
ner (1978) reported that crabs with late de-
velopmental stage cggs are more common
in shaliower depths, suggesting that migra-
tion by ovigerous females into somewhat
warmer waters enhances egg development.

In southern Florida, both G. fenneri and
G. quinquedens are major members of the
continental stope fauna. However, a pro-
nounced diflerence in depth distribution ex-

the differences in bathymetric distribution
and reproductive pattemns observed in these
stope-dwelling species.
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POPULATION DYNAMICS OF THE CRAYFISH
PROCAMBARUS SPICULIFER OBSERVED IN
DIFFERENT-SIZED STREAMS IN
RESPONSE TO TWO DROUGHTS

Robert C. Taylor

ABSTRACT
Crayhish (Procambarus. spiculifer) were siudied for 8 years in 3 different siudy sites. Dunng

this period 2 occurred. Consi h

were observed in response to both droughts

and in all study sites. The changes included reductions in both mean body size and abundance
and an increase in the juvenile 10 adult ratio. In response 10 the first droughl. one of the
subpopulations changed 10 a smaller mean body size that was mawnunned for § years (nearly
2 generations) until the second drought caused a second reduction in body size. It 13 postulated
1hat the reduced size can be maintained by s continued loss of the largest size ciasses coupled
10 an increased recruitment of small adults. Two other subpopulations became exuncl, one
following the 1981 drought and the other duning the 1985 ught. The

appear reiated to habitat differences between study sites, differences between reference years
and drought years, and the time since the last drought. .

Body size is an important determinant of
an animal's energetic needs (Peters, 1983),
ability to use available resources (Wemer
and Gilliam, 1984), and susceptibility to
predation (Kusano, 1981; Polis, 1981). For
some animals, size may be a better predicior
of fecundity than is age (Kirkpatrick, 1984).
Size-related correlations have been ob-
served in crayfish populations. Their fecun-
dity (Mason, 1963; Vannote, 1963 Prins,
1968; Shimizu and Gold 1983) and
competitive success (Bovbjerg, 1953, 1956;
Rabeni, 1985) increase with body size and
susceptibility to predation decreases (Stein,
1977).

However, crayfish body-size distribu-
tions have been observed to fluctuate with
habitat change, such as water depth. As the
water depth decreases, in either a lotic or
lentic habitat, the ratio of juveniies per adult
increases and the adult mean body size be-
comes smaller (Caine, 1978; Kushlan and
Kushlan, 1979; Taylor, 1983). Caine ob-
served that mean body size was larger for
Procambarus kilbyi in nondrying habitats,
while simultaneously finding smalier mean
body-size populations in areas that were
drying. Rabeni (1985) observed a similar
size-depth relationship in the crayfish Or-

h £

1981 (Taylor, 1983). Duning observauons
of the recovery of a crayfish population
(Procambarus spiculifer) following the 1981
drought, a second drought occurred in 1985
1986. The second drought provided an op-
portunity 10 replicate the subpopulation re-
sponses t0 & natural disturbance. Both
droughts produced- the predicted mean
body-size changes to habitat drying. How-
ever, the changes in one subpopulation have
been maintained for at least 2 generations.
The droughts also resulted in a reduced pop-
ulation abundance and possible extinction
of the species from one study site in 1981
and from a second in 1985.

This communication will preseni data on
both the drought-related changes in the sub-
populations of P. spiculifer and the posi-
drought population responses. I will further
discuss the factors that contributed to the
changes and the long-term postdrought ef-
fects.

MATERIALS AND METHODS

Study Area. —Crayfish were sampied in Sandy Creek,
located on the Piedmont Plateau in Georgia (34°N,
82°21'W). The creek has » drainage basin of 165 km,
8 length of sbout 2§ km, and a ventical drop from 262
10 185 m above mean sea devel. The water has a pH
of 5.5-6.5 -nd is very soft because it drains an area of

conectes punctimanus. The size t 5
therefore, may be lost during low-water pe-
riods such as droughts.

The study areas that | have been sampling
since 1979 experienced a severe drought in

phic b

Sampling of the 2 study sites discussed in this com-
munication was siarted in June 1979. Onc site was
located 0.5 km above the creek's confluence with the
North Oconee River (drainage area = 733 km?). At the
study site, Sandy Creek is 8 fifth-order siream, IS m

401
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THE GOLDEN CRAB (GERYON FENNERI) FISHERY OF SOUTHEAST FLORIDA

Robert B. Erdman and Norman J. Blake
Department of Marine Science
University of South Florida
St. Petersburg, FL 33701

INTRODUCTION

The golden crab, Geryon fenneri (Manning and Holthuis, 1984) is a
large brachyuran inhabiting the continental slope off the southeast
United States including the eastern Gulf of Mexico. Prior to its
description in 1984, studies in the eastern Gulf of Mexico by Otwell,
Bellairs and Sweat (1984) examined the potential development of a trap
fishery for this species in depths exceeding 210 meters. Various trap
designs were tested along with methods of on-board handling and

processing (Sweat and Otwell, 1983); Bellairs and Otwell, 1983).

Particularly attractive was the reported high meat yield of male crabs,
ranging from 17 to 23 percent of total body weight.

Interest in the commercial exploitation of golden crab led to three
vessels (two from Alaska and one from New England) initiating a fisherv
along the west coast of Florida during late 1984. Male crabs were
butchered, cooked and blast frozen at sea. The final product of
clusters, cocktail claws and split legs were delivered frozem to the
market. However, because of marketing problems, compounded by distances
in excess of 100 miles to the fishing grounds, gear loss and the absence
of information on the distribution and biology of this species,
coumercial operations in the eastern Gulf of Mexico ceased by mid-198S.

In late 1985, continued interest in the commercial potential for G.
fenneri led to the initiation of exploratory fishing and research in
Bermuda (Luckhurst, 1986), South Carolina (Wenner and Ulrich, 1986),
Georgia (D. Harrington, personal communication) and Florida.
Addirionally, in late 1985 a small commercial fishery developed along
the southeast Florida coast with the catch delivered live to & local
market in Ft. Lauderdale, Florida.

In February 1986, we began a study of the biology of Geryon fenneri
as collected from this southeast Florida fishery. Reproductive biology,
size and weight relationships, trap design and catch per unit effort
vere examined to ascertain additional information relative to the study
of this potentially valuable species.

METHODS

Gear previously utilized by the eastern Gulf of Mexico golden crab
fishery consisted of deep water long lines of between 30 and 60 traps
attached to a ground line connected via a float line to large floats and
radar reflectors on the surface (Otwell, Bellairs and Sweat, 1984).
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This method requires the capability to retrieve upwards of one mile of
line from depths in excess of 250 meters. Trap designs have included
Dungeness crab pots, King crab traps, Nev England and Florida lobster
traps and plastic Fathoms Plus traps (Otwell, Bellairs and Sweat, 1984;
Wenper and Ulrich, 1986). Three or four trap lines were fished with
soak times averaging 24 hours between set and retrieval.

Because of the close proximity to shore (less than 10 miles) of
wvater depths in excess of 200 meters, the small fishery that has
developed in southeast Florida employs a different strategy in
harvesting golden crab. Four to six large traps are attached
approximately 140 to 180 meters apart to & ground line which is fitted
with concrete weights on each end. The large traps called Neilsen
traps, measure approximately 6' x 3' x 3' and are made from steel round
stock covered with 2" x 2" nylon stretch mesh (Figure 1). Traps are
fitted with 5" diameter escape rings and a large side door providing
access - to the center bait well and easy removal of the catch. Four to
gix strings of traps may be fished, with each string reset immediately

after it is pulled.

As the present fishing grounds are adjacant to commercial shipping
lanes and affected by variable currents associated with the Gulf Stream,
trap lines are deployed without a surface float system. Loran
coordinates are recorded during deployment along with bottom profiles
and relative position using shoreline landmarks. Soak time varies from
three to six days depending on market demand. This allows the fishermen
to pursue other commercial opportunities. Trap recovery involves
grappling for the ground line, with the vessel moving from offshore to

_onshore and the grapnel dragged perpendicular to the ground line.

Samples were collected monthly during the period February 1986
through January 1987 from fishing depths ranging from 215 .to 230 meters.
Total numbers of crabs caught per trip were recorded in three
categories: females, market size males in excess of 130 mm carapace
width (CW), and small males less than 130 mm CW. Crabs were randomly
selected from the catch, packed in crushed ice and returned live to the

laboratory.

For each crab, carapace width (CW, the distance between the fifth
lateral spine tips) and carapace lenmgth (CL, midline distance from the
diastema between the rostral teeth.to the posterior carapace edge) were
recorded to the nearest millimeter. Weight was recorded to the nearest
gram and missing appendages noted. The presence of eggs in pleopods
were noted and molt stages were estimated according to a modificationm of
stages presented in Byers and Wilke (1980) for G. quinquedens (probably
G. maritae; see Manning and Holthuis, 1981). Weight-width relationships
of animals in ‘the -intermolt-stage -and-with no -appendages missing were
calculated using a8 log~log transformation expressed in the form Y= axb.
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Figure 1. Neilsen trap showing rough dimensions, placement of
bait well and floats. and stretch mesh covering.

Draft Golden Crab SAFE Report



Appendix P. The Golden Crab (Geryon fenneri) Fishery of Southeast Fiorida

as5r-

TH

I

25

a25r-

25r

od b
1T
r'ﬂ'ﬂl

T

.25~

PERCENT OCCURRENCE
n
[
T

e T ]

25k

25

- 8090100110120 130140 150 160
CARAPACE WIDTH (mm)

Figure 3. Monthly size frequency distributions of female
Gervon fenneri including number of individuals and mean

carapace- width.

Draft Golden Crab SAFE Report

“r I ilj ii l .

FEB 1988
N=28

CWs125.258
MAR

" N=30

CWs124.25

APR
N=32
CW=126.00
MAY

N=2§
CW=125.70
JUNE

N=32
Cwe=126.80
JULY

N= 28
CW=128.40
AUG

N=34
CW=114.80
ocT

N=48
CW=1186.0
NOV

N=28
CW=125.20
DEC

N=34
CWs=124.50
JAN 1987
N=29
CW=119.50

BovIGEROUS

Ovigerous females are shaded.

P-6



Appendix P. The Golden Crab (Gervon fenneri) Fishery of Southeast Florida

' zsL‘ FEB 1986

. N=30
0 o [Hfln &=

MAR
N=40

r b Tl h, e

25+ JUL
N=49
CwW=1s9
-

25 AUG

PERCENT OCCURRENCE
A%
" e
- N
b

25

284 DEC
N=48
, CW=158
—_—

110 120 130 140 150 180 170 180 190 |

CARAPACE WIDTH (mm)

O

Figure ¢4, Monthly size frequency distributions of male
Geryon fenneri including number of individuals and mean
carapace width. )

Draft Golden Crab SAFE Report



Appendix P. The Golden Crab (Gervon fenneri) Fishery of Southeast Florida

"Bp1iold oyepaapne] 34 woay /@[ Lienuer
ydnoayy 9ge1. £38niqay pojiad ay3 Jujanp pajda[[od Jiauua) uvkiay
a[Bwaj pue ajew 3J0 uojiIngjaIsjp Aduanbaial ydyom aajiernun) ¢ 21nyy

(8) 1HOIIM

000Z 009t 0091 0O¥I O0ZI O0O0F 008 009 OOF¥ oOO2

] [l [
——— (P2

- 04

om—."z @g 2% . i
29Z=N 0[]

3ON38ENO00 1N3DH3d

Draft Golden Crab SAFE Report




Appendix P. The Golden Crab (Gervon fenneri) Fishery of Southeast Fiorida

1950
1750

1550

-
W
O
(@]

1150
950

750

WEIGHT (gms)

550
350

150

1

r=0.85

] ] A 1 L ] ] A

90 100 110 120 130 140 150 160 170 180 190

CARAPACE WIDTH (mm)

- Figure 6. --‘Weight on carapace width relationship for 262 male
Geryon fenneri as described by WT = 5.27 x 10-5(cw3-328y,

Draft Golden Crab SAFE Report



Appendix P. The Golden Crab (Gervon fenneri) Fishery of Southeast Florida

900
800 r
700
600
500

400

WEIGHT (gms)

300

200 ¢

r=0.94

- 100
90

Geryon fenneri as described by WT = 5.599 x 104

100 110 120 130 140

150 160

CARAPACE WIDTH (mm)

Figure 7. Weight on carapace width rela:ionship for laizfemale

Draft Golden Crab SAFE Report

P-10



Appendix P. The Golden Crab (Geryon fenneri) Fishery of Southeast Florida

DISCUSSION

Gervon fenneri is considerably larger than G. maritae and G.
uinquedens, two additional species of commercial value. As male G.
fenneri attain a maximum size in excess of 190 mm CW and weight up to
2000 g, interest in commercial utilization is warranted. At present,

the small fishery for this species is unregulated, with no closed
season, quota or minimum size limits on harvestable animals. 1In the
southeastern Florida fishery, only males greater than 130 mm CW are
utilized, and all females and small males returmed to the water.
Considering the annual reproductive pattern of females and the slow
growth associated with organisms of large size from this deep water
environment, the voluntary practice of selective harvest is undoubtedly
.of benefit in protecting the potential longevity of this fishery.

The strategy employed by the golden crab fishermen of southeast
Florida has proven successful in providing a sufficient amount of
product to local markets. The use un-buoyed trap lines with few large
traps and long soak times has resulted in the development of a small
scale local fishery, with fishermen able to pursue other commercial
opportunities rather than fish crab exclusively. The close proximity of
the fishing grounds to shore permits delivery of live product thus
eliminating on-board processing and storage. This in turn reduces the
cost per trip oo the basis of fuel, labor and processing equipment.

Live product is also more attractive to the consumer, who is able to
purchase whole live crab or freshly butchered and cooked clusters rather
than pre-cooked, frozen crab.

The full commercial potential of this species will remain unkmown
until such bilological data as population density, reproduction patterns
and geographical distribution, which are still under study, are
collected and fully analyzed. Additionally, future research shkould
continue to address gear development, trap design and the use of escape
rings. Although the small southeast Florida fishery has been relatively
successful, the longevity and potential expansion of the fishery for
this valuable species remsins unknown and over-capitalization by
fishermen wishing to enter this fishery should be discouraged.
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North Pacific Crab (National Fisherman, October 1998)

Appendix Q. Market Report
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